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FOREWORD 


This  Program  Man^ment  Plan  has  been  prepared  by 
Lockheed  Missiles  & Space  Company,  Inc.  (LMSC),  .as 
partial  fulfillment  of  the  required  material  for  CDRL 
Item  009A2  of  the  Teal  Ruby  Phase  I Contract. 
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Section  1 
INTRODUCTION 


LMSC  has  prepared  this  Program  Management  Plan  for  Phase  H of  the  Teal  Ruby 
Experiment  Program  to  define  in  detail  the  management  methods  and  procedures 
that  will  be  implemented  for  this  program.  The  plan  discusses  all  management 
aspects  affecting  the  program , and  includes  sections  dealing  witli  tlie  program 
organization  and  personnel,  program  management  systems  to  be  used,  management 
of  program  subcontracts,  and  product  assurance. 

Whereas  Phase  I of  the  Teal  Ruby  Experiment  Program  was  primarily  oriented  to 
analysis  and  preliminary  design  of  tlie  experiment  system , Phase  n Involves  detail 
design,  fabrication  and  assembly,  and  test,  checkout,  and  delivery  of  the  system, 
as  well  as  post-delivery  support  services,  including  integration  of  the  system  with  the 
spacecraft,  launch  operations,  and  on-orbit  support.  Emphasis  in  the  management 
plan  lias  therefore  been  shifted  to  the  hardware  aspects  of  the  program. 

Section  2 deals  with  the  LMSC  organizational  aspects  of  the  Phase  n program.  The 
organization  structure  emphasizes  short  lines  of  communication  between  the  program 
and  top  company  management  — the  program  now  reports  directly  to  an  LMSC  Vice 
President  — a direct  point  of  contact  between  DARPA  and  SAMSO  and  tiie  program  team , 
and  very  specifically  defined  areas  of  responsibility.  To  head  the  program  in  Phase  n 
as  program  Manager,  LMSC  has  selected  Dr.  Ralph  Kulper,  who  has  exceptional 
experience  in  the  man^ement  and  direction  of  programs  like  the  Teal  Ruby  Experiment, 
having  been  the  Aerospace  manager  for  the  RM-19,  Chaser,  TRIM,  RM-20A  and  B, 
and  DSP  Sensor  programs. 

LMSC's  commitment  to  the  Teal  Ruby  Experiment  program  is  emphasized  by  the  fact 
that  in  addition  to  Dr.  Kuiper,  all  supervisorial  positions  on  the  program  will  be  filled 
by  full-time  indirect  personnel.  The  program  organization  has  been  structured  to 
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reQect  the  major  areas  of  emphasis;  system  engineering,  subcontract  management, 
interface  definition  and  management,  product  assurance,  and  program  controls,  in 
addition  to  post-launch  operations.  Section  2 also  contains  detailed  statements 
of  the  responsibilities  of  each  of  these  positions  and  the  key  positions  reporting  to 
them,  as  well  as  sumznaries  of  the  qualifications  and  experience  demonstrating  the 
capabilities  of  the  persons  assigned  to  these  positions, 

LMSC  has  had  extensive  experience  in  the  development  and  implementation  of 
management  systems  for  major  programs  such  as  Teal  Ruby.  These  systems  are 
specifically  tailored  to  program  needs,  and  are  fully  responsive  to  DoD  requirements 
for  management  systems.  These  program  management  systems  are  described  in 
detail  in  Section  3. 


To  conduct  the  Teal  Ruby  Experiment  Phase  II  Program,  LMSC  has  assembled  an 
exceptionally  experienced  and  well  qualified  team  of  subcontractors.  This  team 
includes; 

• Perkin-Elmer  for  the  optics  and  fixed  filters 

• Hughes  Aircraft  Company  for  the  monolithic  focal  plane  and  processor 

• Rockwell  International  Science  Center  for  hybrid  detector  chips 

• Santa  Barbara  Research  Center  for  the  hybrid  focal  plane 

• Grumman  Aerospace  Corporation  for  hybrid  focal  plane  signal  processing 


Management  and  integration  of  the  subcontracted  work  is  thus  a major  task  of  the 
program,  and  the  importance  of  this  aspect  has  been  recognized  by  the  creation  of 
a subcontract  management  group  for  this  program  with  specific  responsibilities 
in  this  area.  This  group  will  implement  the  policies  and  procedures  described  in 
the  Subcontract  Management  Plan  contained  in  Section  4. 

Quality,  reliability  and  maintainabilify,  and  system  safety  are  major  aspects  contribut- 
ing to  overall  system  effectiveness.  Separate  plans  for  each  of  these  functions  have 
been  prepared,  and  are  summarized  in  Section  5,  the  Product  Assurance  Plan. 
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- Section  2 

PROGRAM  ORGANIZATION  AND  PERSONNEL 

2.1  LMSC  ORGANIZATION  AND  PROGRAM  PLACEMENT 

The  Teal  Ruby  Experiment  Phase  H program  will  be  performed  in  the  Research  and 
New  Programs  organization  of  the  Research  & Development  Division  (R&DD)  of 
Lockheed  Missiles  & Space  Company,  Ihc.  (Fig.  2-1),  a wholly  owned  subsidiary  of 
Lockheed  Aircraft  Corporation. 

The  Research  and  New  Programs  organization,  headed  by  LMSC  Vice  President 
Raymond  Capiaux,  is  organized  by  program  offices  responsible  for  major  specific 
program  activities;  the  Palo  Alto  Laboratories,  responsible  tor  providing  scientific 
and  engineering  support  to  system  developments  in  all  divisions  of  LMSC;  and  the 
Huntsville  (Alabama)  Research  and  Engineering  Center. 
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Fig.  2-1  LMSC  Organization  and  Teal  Ruby  Experiment  Placement 
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As  shown  In  Fig.  3-1,  the  Teal  Ruby  Experiment  Phase  n program  will  be  accomplished  jj 

by  the  Teal  Ruby  Experiment  program  organization  managed  by  Dr,  Ralph  A.  Kuiper.  i| 

This  organization  will  be  solely  and  fully  dedicated  to  the  successful  accomplishment  of  | 

this  program.  || 

’I 

I 

As  Teal  Ruby  Experiment  Program  Manager,  Dr.  Kuiper  will  be  directly  responsible  for  j] 

the  technical,  schedule,  and  cost  performance  of  the  contract,  and  will  be  the  principal  | 

point  of  contact  with  DARPA  and  SAMSO  for  all  technical  and  business  matters.  | 

2.2  TEAL  RUBY  EXPERIMENT  PROGRAM  ORGANIZATION  jj 


To  provide  direct  access  to  R&DD  and  LMSC  senior  management,  major  programs  within 
the  LMSC  Research  and  New  Programs  organization  are  assigned  to  program  offices. 

The  program  office  then  assembles  a team  of  specialists  from  throughout  LMSC  to  con- 
duct the  individual  program  under  the  direction  of  the  Program  Manager.  As  Program 
Manager,  Dr.  Kuiper  has  the  authority  to  organize  and  manage  all  company  resources 
needed  for  effective  and  timely  accomplishment  of  the  program. 

This  organizational  approach  ensures  that  program  planning  and  control  are  accomplished 
under  the  direct  authority  of  the  Program  Manager,  and  that  the  program  team  is  free 
of  other  responsibilities  while  assigned  to  this  program. 

The  organization  of  the  Teal  Ruby  Experiment  Phase  II  program  is  shown  in  Fig.  2-2. 

The  technical  effort  is  organized  into  System  Engineering,  responsible  for  design, 
manufacture  and  test  of  the  sensor  system;  Subcontract  Management,  responsible  for 
technical  direction  and  monitoring  of  subcontractor  activities;  Spacecraft  Integration 
and  Interface  Management,  responsible  for  definition  and  control  of  sensor  system  inter- 
faces with  the  spacecraft,  and  for  integration  and  test  of  the  sensor  system  with  the 
spacecraft  through  launch;  and  Post- Launch  Operations,  responsible  for  mission  planning, 
command  and  ground  software  development,  and  orbital  operations  support  to  the  Satel- 
lite Control  Facility. 
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In  addition  to  the  technical  goups , Product  ABsiurance  - including  Quality  Assurance , 
Reliability  and  Maintainability , and  System  Safety  “ and  personnel  and  groups  re- 
sponsible for  Program  Controls,  Subcontract  Administration,  Material  Procurement, 
Contract  Administration,  and  Cost  Accounting  all  report  directly  to  Dr.  Kuiper. 

2.3  KEY  PERSONNEL  RESPONSIBIUTIES  AND  QL'AUFICATIONS 

LMSC  has  selected  as  the  key  members  of  Its  Teal  Ruby  Experiment  Phase  n program 
its  most  qualified  people  in  all  of  the  disciplines  needed  to  completely  accomplish  this 
program.  These  personnel  were  chosen  for  their  depth  of  background  and  experience, 
particularly  in  programs  directly  related  to  the  Teal  Ruby  Experiment.  The  people 
shown  in  the  Program  Organization  chart  participated  in  Phase  I;  that  team  has  been 
augmented  to  reflect  the  Increased  scope  of  the  Phase  n program. 

Summaries  of  the  program  responsibilities  of  each  of  these  key  people  are  given  In  the 
following  pages,  along  with  rdsumgs  of  their  backgrounds  and  directly  related 
experience. 
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2 . 3 . J Program  Management 
RALPH  A.  KUIPER  — Program  Manager 


ResoonslblHtles 


Dr.  Kuiper  Is  responsible  for: 

• Overall  management  of  prime  contractor  and  subcontractor  work  on  the  program 

• Program  reporting  to  and  liaison  with  DARPA,  SAMSO,  and  other  agencies  and 
contractors  as  appropriate 

• Program  status  reporting  to  LMSC  management 

• Overall  execution  of  the  Payload  Development  Plan  and  this  Program  Management 
. Plan 

• Obtaining,  allocating,  and  managing  all  resources  necessary  for  successful  ac- 
complishment of  the  program 

• Heading  contractor  and  subcontractor  representation  at  all  program  direction  and 
design  reviews  with  the  Government 


Background  and  Experience 

Dr.  Kuiper  will  serve  as  the  hill-time  Manager  of  the  Teal  Ruby  Experiment  Program. 
His  experience,  training,  and  proven  successes  In  closely  related  programs  offer  a 
unique  and  relevant  background  for  this  position.  The  objectives  of  the  SAMSO  Target 
and  Background  Measurements  Program  for  which  Dr.  Kuiper  was  responsible  from 
inception  were  identical  to  those  of  the  Teal  Ruby  Experiment  Program  - namely,  to 
demonstrate  advanced  technology,  collect  target  and  background  data,  and  assess  the 
potential  of  system-like  sensors  imder  actual  flight  conditions.  The  necessary  elements 
for  success  in  these  earlier  programs  are  also  required  on  the  Teal  Ruby  Experiment 
Program  in  that  a fundamental  understanding  of  the  program's  phenomenological  objec- 
tives must  be  coupled  with  an  understanding  of  the  engineering  and  coordination  require- 
ments involved  with  the  assembling,  testing,  and  integrating  of  a satellite-borne 
sensor. 
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Dr.  Kulper  hafi  domonstrated  his  grasp  of  these  requirements  through  his  contributions 
In  directing  the  efforts  of  a broad  range  of  flight  measurement  programs  while  at  Aero- 
space Corporation  as  well  as  managing  the  Lockheed  personnel  responsible  for  de- 
veloping theoretical  models  of  aircraft  and  missile  targets  and  Infrared  backgrounds 
as  observed  from  satellite  platforms. 

Prior  to  joining  Lockheed,  Dr.  Kulper  was  with  Aerospace  Corporation  as  the  Manager 
of  the  Sensor  Section  of  the  SAMSO  Defense  Support  Program  Office.  In  this  capacity 
he  was  responsible  for  providing  technical  direction  and  general  systems  engineering 
support  to  the  A.lr  Force  for  the  prime  sensor  contract  for  this  major  surveillance 
program.  Previously,  he  was  the  Manager  of  the  Measurements  Section  where  he  was 
responsible  for  developing  the  objectives,  work  statements,  specifications,  and  Inter- 
faces as  well  as  coordinating  the  efforts  of  contractor  and  government  facilities  and 
personnel  for  a varlty  of  successful  programs.  Briefly,  these  programs  Included: 

CHASER  — A series  of  sounding  rockets  were  launched  at  AFWTR  for  the  purpose  of 
collecting  Infrared  and  VUV  signature  data  of  simultaneously  launched  boosters  such 
as  ATLAS,  TITAN  II,  and  MINUTEMAN  missiles.  These  heavily  Instrumented  sound- 
ing rocket  launches  collected  data  successfully  on  three  out  of  four  launches.  A high 
degree  of  coordination  was  required  between  the  AF  Cambridge  Research  Laboratory, 
the  rocket  contractor  and  the  AFWTR. 

RM-19  - these  infrared  sensors  were  packaged  and  mounted  as  a secondary  payload  on 
an  Air  Force  satellite  for  the  purpose  of  collecting  background  data  In  three  different 
spectral  regions.  This  successful  program  was  performed  by  Lockheed  from  start  to 
launch  in  a period  of  ten  months  and  required  interfacing  with  the  integrating  contractor, 
the  SCF  and  the  AFWTR  operations. 

TRIM  — A U-2  aircraft  was  Instrumented  by  Lockheed  with  a highly  complex  Instrument 
package  consisting  of  a gimbaled,  scanning  eighteen-inch-aperture  infrared  radiometer/ 
spectrometer,  visible  TV  camera  and  IR  vidicon  driven  by  a closed-loop  tracker.  Data 
on  domestic  launch  vehicles  was  successfully  gathered  and  recorded  on  more  than 
twenty  operations  and  required  close  coordination  with  many  government  ranges  and 
operational  organizations.  The  program  effort  also  included  the  processing,  analysis, 
and  theoretical  comparisons  for  the  data. 

RM-20A.B  - These  highly  complex  satellite  sensors  were  Intended  to  collect  infrared 
target  and  background  data  while  approximating  several  features  of  potential  operational 
concepts.  The  RM-20A  was  a scanning  instrument  operating  within  two  spectral  regions 
with  sophisticated  onboard  data  processing  such  as  automatic  thresholding  and  fleld-of- 
vlew  sectoring.  The  instrument  was  gimbaled  and  Incorporated  a passive  thermal  con- 
trol system,  and  produced  data  at  1.024  Mbps.  The  HM-20B  was  a mosaic  sensor 
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operating  In  one  selected  spectral  region.  It  was  glmbaled  to  compensate  for  orbital 
and  earth  rotation  and  provided  data  at  512  Kbps.  Both  of  these  were  the  prime  pay- 
loads  on  the  AFSTP  72-2  which  was  destroyed  by  range  safety  during  launch.  These 
programs  also  recjulred  coordination  with  launch  ranges,  weather  services,  SCF,  and 
Integrating  contractor. 


Since  joining  Lockheed,  Dr.  Kuiper  has  managed  the  thirty -member  Fluid  Mechanics 
Laboratory.  His  department  has  provided  the  support  to  the  DARPA-sponsored  BMP, 
CAMP,  and  HI-CAMP  programs  both  in  data  analysis  and  instrument  design  and  de- 
velopment. This  position  has  also  provided  an  exposure  and  involvement  in  a broad 
range  of  Lockheed  programs  in  the  SSD  and  MSD  divisions  as  well  as  R&DD. 

Dr.  Kuiper  received  his  B.S.  in  Mechanical  Engineering  and  his  M.S.  and  Ph.D.  in 
Aeronautics  and  Astronautics  from  Stanford  University.  He  is  the  author  of  a number 
of- technical  papers  including  a chapter,  "Targets  and  Backgrounds,"  in  The  Handbook 
of  Military  Infrared  Design,  Part  H (SECRET),  AMCP  706-1285,  1972. 
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2,3,2  System  Engineering 

JERRY  K,  PARKS  - Chief  Systems  Engineer 

Responsibilities 

• Overall  system  engineering  and  Internal  integration  ot  the  sensor  system 

• Detailed  design  and  design  analysis  (stress,  loads,  dynamics,  themodynamics, 
weight,  electrical  power  requirements)  of  the  sensor  system  structure,  thermal 
system,  central  command  unit,  acousto-optical  tunable  filters,  and  pointing  sub- 
system; mani^factura  and  subsystem  test  of  these  elements 

• Final  assembly  and  system  level  tests  of  the  complete  sensor  system 

• Qualification  testing  of  the  sensor  system 

• Acceptance  testing  and  delivery  to  the  Government  of  the  sensor  system 

• Design  and  construction  of  factory  test  and  checkout  support  equipment 

• . Preparation  for  and  participation  in  technical  direction  meetings  and  design  reviews 

• Preparation  and  review  of  engineering  contract  data 

Background  and  Experience 

• Program  Manager,  Teal  Ruby  Experiment  Phase  I 

9 Project  Manager,  LMSC  tasks  In  Special  ARPA  Space  Experiment  Study  under  Siib- 
contract  to  Hughes 

• Principal  Investigator,  Advanced  Detection  Sensor  LMSC  IR&D  Program 

9 Directed  optical  system  evaluation  and  definition  on  Aircraft  Detection  Evaluation 
Program 

9 Chief  Systems  Engineer,  RM-20A;  directed  system  acceptance  test  data  processing 
and  preparation  for  orbital  data  processing 

9 Directed  development  and  testing  of  the  RM-20A  optical  subsystem 

9 Conducted  theoretical  and  experimental  studies  on  fast,  wide-angle,  high-resolution 
infrared  optical  systems 

9 Designed  and  developed  acousto-optical  devices  imder  LMSC  IR&D  programs 

9 Designed  and  patented  an  optical  correlation  device 

9 23  years  of  professional  experience 

9 B.S,,  Physics,  University  of  Washington 
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KENNETH  R.  MATOSIAN  — System  Engineering  and  iitegration 
ResTwnsibillties 

• System  engineering  and  internal  integration  of  the  sensor  system 

• Definition  and  control  of  Interfaces  among  the  sensor  subsystems 

• System  design  analyses,  including  stress,  loads,  dynamics,  thermodynamics, 
weight  and  electrical  power  requirements  and  budgets 

• Establishment  of  system  level  test  requirements 

• System  level  test  data  analysis,  including  qualification  and  acceptance  testing 

• Preparation  for  and  participation  in  technical  direction  meetings  and  design  reviews 

• Preparation  of  system  level  engineering  contract  data 
Background  and  Experience 

• Program  Manager,  HEL  Precision  Spot  Positioning  System  for  the  Army  Mobile 
Test  Unit  program  for  MICOM 

• ■ Project  Manager,  LMSC  Target  Radiant  Intensity  Measurement  Program  at  Edwards 

and  Patrlc  Air  Force  Bases 

• Coordinated  TRIM  flights  with  Air  Force,  including  briefing  and  debriefing  of  AF 
pilots 

« Directed  analysis  and  breadboard  development  of  visible  and  infrared  RPV  imaging 
systems 

• Conducted  inhouse  study  of  down-looking  infrared  radiometer  and  tracker 

• Developed  test  methods  and  procedures,  and  analyzed  and  correlated  test  data  for 
Target  and  Background  Measurement  Program 

• Planned  and  conducted  iniared  electro-optical  measurement  project  (Lockheed- 
Califomia  Company,  Advanced  Development  Projects) 

• 10  years  of  professional  experience 

• M.S.,  B.S.,  Physics,  California  State  University  at  Northridge 
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KENNETH  A.  LOCKHAHT  — Sensor  ^stem  Structure 
Responsibilities 

• Detailed  design  of  the  sensor  system  structure 

• Preparation  of  parts  lists  and  material  procurement  design  documentation 

• Siqieivision  of  fabrication,  assembly,  and  testing  of  the  sensor  system  structure 

• Supervision  of  subsystem  Installation 

• Preparation  of  interface  control  drawings 

• Design  and  construction  of  mass  properties,  fit,  and  structural  models 

• Preparation  for  and  participation  in  technical  direction  meetings  and  design  reviews 

• Preparation  of  structures  design  contract  data 


• Developed  preliminary  mechanical  and  structural  design  of  LMSC  Teal  Ruby 
Experiment 

• Analyzed  dynamic  and  thermally  Induced  loads  and  stresses  in  gimbal  and  oscilla- 
tory scan  assemblies  of  a radiometer  space-flight  system 

• Designed  and  supervised  fabrication  of  development  and  environmental  test  equip- 
ment, including  an  infrared  background  simulator  with  two-axis  scanner,  an  earth 
simulator  for  tests  of  horizon  sensors,  and  modification  of  a spectrometer  to  pro- 
vide emissivity  measurements  in  a vacuum  chamber 

• Designed  solar  array  stowage  and  deployment  mechanisms 

• Developed  conceptual  design  of  structure  and  drive  mechanism  for  a large  infrared 
sensor  assembly 

» Designed,  and  supervised  fabrication  and  testing  of  a cryogenic  expander  for  long- 
life refrigeration  systems 

• 17  years  of  professional  aerospace  experience 

• M.S.,  Engineering  Mechanics,  Stanford  University;  B.M.E.,  General  Motors 
Institute 
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DAVID  O.  MURRAY  - Hiermal  ^stem  I 

I 

Responalbtllttes  ^ 

• Detailed  design  and  analysis  of  the  thermal  system,  including  the  cryogenic  cooler, 
radiators,  and  thermal  sensor  shroud 

• Preparation  of  parts  lists  and  material  procurement  design  dociunentation 

• Supervision  of  fabrication,  assembly,  and  testing  of  the  thermal  system  elements 

• Installation  of  the  thermal  system  in  the  sensor  system 

• Preparation  for  and  participation  In  technical  direction  meetings  and  design  reviews 

• Preparation  of  thermal  system  design  contract  data 
Background  and  Experience 

• Developed  thermal  system  preliminary  design  in  LMSC  Teal  Rut^  Experiment 
Phase  I 

• Project  Leader,  Cryogenic  Radiator  System  Preliminary  Design  for  AF  ASD 

• - Internal  consultant  on  LMSC  flight  cryogenic  coolers  for  system  design 

• Designed  thermal  control  system  using  space  radiator  for  100  K cooling  for  RM-20A 
infrared  space  radiometer 

• Designed  thermal  control  system  using  active  refrigerators  for  RM-19  infrared 
space  radiometer 

• Developed  and  tested  20  K neon  solid  cooler  tmder  LMSC  hidependent  Research 

• Conducts  experimental  evaluations  of  multilayer  insulation  systems 

• Conducts  research  on  thermal  conductance  of  contact  interfaces  at  cryogenic 
temperatures 

• 14  years  of  professional  experience  in  low-temperature  thermophysics  and  cryogenic 
systems 

• Ph.D,,  Physios,  Ohio  State  University:  B. A.,  Physics,  Miami  University 
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STANLEY  J.  RUSK  - Central  Control  Unit 
Responsibilities 

• Detailed  design  and  analysis  of  the  central  control  unit 

• Preparation  of  parts  lists  and  material  procurement  design  documentation,  and 
monitoring  of  procured  development 

• Supervision  of  fabrication,  assembly,  and  testing  of  the  central  control  luiit 

• Development  of  associated  software 

• Installation  of  the  central  control  unit  in  the  sensor  system 

• Preparation  for  and  participation  in  technical  direction  meetings  and  design  reviews 

• Preparation  of  central  control  unit  design  and  software  contract  data 
Background  and  Experience 

• Developed  central  control  imit  preliminary  design  in  Teal  Ruby  Experiment  Phase  I 

• Originator  and  Project  Manager,  LMSC  Solar  Pointing  Aerobee  Rocket  Control 
■ System  (SPARCS),  1966  to  1974 

• Internal  consultant,  navigation,  guidance,  and  control  system  development  (5  years) 

• Developed  programs  for  analysis  of  flexible  missile  system  dynamics 

• Analyzed  flight  control  system  designs 

« Directed  development  of  control  systems  for  spacecraft,  missiles,  and  drones 

• Directed  analysis  of  autopilot  control  system  for  AVRO  CF-105  and  P-107  aircraft 
(with  Honeywell) 

• Formulated  designs  for  aircraft  control  and  ballistic  warhead  stabilization  (with 
Lear  Instrument  Products  Division) 

• 28  years  of  professional  experience 

• B.S.  (cum  laudo).  Engineering  Physics,  Lafayette  College  (Pennsylvania) 
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WADIM  1,  DOBROV  - Acousto-Optlcal  Tunable  Filter  Assembliee 
Reaponstbllitlea 

• Detailed  deaign,  analyaia,  and  development  of  AOTF  asaembllea 

• Preparation  of  parte  liata  and  material  procurement  design  documentation 

• Fabrication,  asaembly,  and  testing  of  AOTF  assemblies 

• Integration  of  the  AOTF  assemblies 

• Analysis  of  test  data 

• Preparation  for  and  participation  in  technical  direction  meetings  and  design  reviews 

• Preparation  of  AOTF  design  contract  data 
Background  and  Experience 

• Conducts  research  and  development  of  advanced  infrared  detection  techniques 

• Associate  Investigator,  Advanced  Detection  Sensor  LMSC  IR&D  program;  evaluated 
advanced  AOTF  for  Uiis  sensor 

• Evaluated  earlier  Infrared  detectors,  and  conducted  laboratory  and  field  tests  on 
these  detectors 

• Principal  Investigator,  Heterodyne  Detection  LMSC  IR&D  program 

• Conducted  research  on  microwave  acoustics  simulation  techniques 

• Developed  an  ultrasonic  technique  for  obtaining  variable  delay  and  Doppler  shift  of 
microwave 

• Investigated  paramagnetic  acoustic  resonance  of  rare  earths  in  CaF^ 

• Conducted  research  on  acoustic  absorption  of  hypersonics  in  various  materials 

• 21  years  of  experience  in  infrared  detectors,  electro-optics,  aird  visible  and  infrared 
lasers 

• Ph.D.,  Physics,  University  of  California  at  Berkeley:  Cand.  rer.  nat.  degree. 
Physios,  University  of  Gottingen,  Germany 
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CYRIL  E.  McClellan  - Pointing  Subsystem 
Responsibilities 

• Detailed  design,  analysis,  and  development  of  the  pointing  subsystem 

• Preparation  of  parts  lists  and  procurement  design  documentation 

• Participation  In  gimbal  drive  source  selection  and  monitoring  of  gimbal  drive 
subcontract 

• Fabrication,  assembly,  and  testing  of  the  pointing  subsystem 

• Integration  of  the  pointing  subsystem  into  the  sensor  system 

• Analysis  of  test  data 

• Preparation  tor  and  participation  in  technical  direction  meetings  and  design  reviews 

• Preparation  of  pointing  subsystem  design  contract  data 
Backeroimd  and  Experience 


• Engineering  Leader,  Hot-Spot  Tracking  Study  contracts  with  ONR/NRL  for  UST 
'breadboard  design,  construction,  and  experimental  testing 

• Chief  Engineer,  LMSC  Pointer-Tracker  Test  Facility 

• Chief  Systems  Engineer,  Acquisition  and  Tracking  Assembly  I program  for  AFAL 

• Principal  Investigator,  Acquisition  and  Tracking  Performance  Evaluation  program 
for  AFAL 

• Assistant  Program  Manager,  Precision  Earth  Pointing  System  Phase  IB  program 
for  USAF 

• Test  Director,  Precision  Earth  Pointing  System  Phase  I acceptance  tests 

• Directed  design  and  development  of  flight  motion  simulators  and  boreslght 
error-measuring  system  (with  Carco  Electronics  and  Textron  California 
Technical  Industries) 

• Vice  President  - Engineering,  Textron  California  Technical  Industries  Company 

• Manager,  Advanced  Development  Engineering,  Westlnghouse  Air  Arm  Division 

• Over  30  years  of  experience  In  servo  systems,  pointing  and  tracking  systems,  and 
test  instrumentation  and  product  development 

• M.S.,  Physics,  Michigan  State  University;  B.S.,  Physics,  Utah  State  University; 
Registered  Professional  Engineer,  State  of  Maryland 
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KENNETH  N.  MARSHALL  - System  Level  Tests 
ResponstblHtles 

• Development  of  system  level  test  plans  and  procedures 

• Design,  fabrication,  and  checkout  of  test  equipment  and  development  of  the 
associated  software 

• Supervision  of  system  level  development  testing 

• Supen'lsion  of  qualification  testing 

• Test  data  reduction  and  preparation  of  test  reports 

• Supervision  of  acceptance  testing  and  conduct  of  system  delivery  activities 

• Preparation  for  and  participation  in  technical  direction  meetings  and  design  revietvs 

• Preparation  of  teat  planning  and  reporting  contract  data 
Backgroimd  and  Experience 


^ I 


• Prepared  System  Test  Plan  in  LMSC  Teal  Ruby  Experiment  Phase  I 

• Director  of  System  Test  Operations  for  RM-20A;  responsible  for  test  plans  and 
procedures,  payload  final  assembly,  payload  system  qualification  testing,  payload 
system  acceptance  testing,  design  a^  f^rication  of  special  test  and  handling 
equipment,  and  operation  of  the  thermal-vacuum  test  facility 

• Project  Leader,  Space  Shuttle  Thermal  Scale  Modeling  Application  Study,  for  NASA/ 
JSC 

• Project  Leader,  Limitations  in  Thermal  Modeling,  for  NASA/MSFC 

• Coinvestigator,  Development  of  Thermal  Testing  Techniques  at  High  Solar  Intensities, 
for  NASA/Araes  Research  Center 

• Coinvestigator,  Thermal  and  Structural  Modeling  of  a Large  Aperture  Space 
Telescope,  for  NASA/MSFC 

• Flight  Experiment  Task  Leader,  ASTEC  Experiment  Space  Flight  Test  Program, 
for  SAMSO 

• M.S.,  Mechanical  Engln  jrlng,  Stanford  University;  B.S.,  Mechanical  Engineering, 
Brigham  Young  University 
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2.3.3  Subcontract  Management 


RICHARD  W.  RUTOWSKI  - Assistant  Program  Manager,  Subcontract  Management 

Responsibilities 

• Overall  management  of  the  technical  aapeets  of  Teal  Ruby  HScperlment  Phase  n sub- 
contracts, Including  Grumman  Aerospace,  Hughes  Aircraft,  Perkin-Elmer, 
Rockwell  Science  Center,  and  Santa  Barbara  Research  Center 

• Implementation  of  the  Subcontract  Management  Plan 

• Establishment  of  formal  and  informal  subcontract  technical  reporting  requirements 

• Continuous  liaison  with  subrc'ntraotor  engineering  organizations 

• Continuous  surveillance  of  subcontract  technical  performance  and  Implementation 
of  any  necessary  corrective  action 

• Review  of  subcontractor  designs  and  specifications 

• Preparation  for  and  participation  in  Government  technical  direction  meetings  and 
design  reviews 

• Incorporation  of  subcontract  technical  data  in  prime  contract  data 

Background  and  ^ 


e Developed  Post-Delivery  Support  Plan  In  LMSC  Teal  Ruby  Experiment  Phase  I 

• Project  Leader,  ICBM  Systems  Structural  Synthesis  for  AF  FTD 

• Project  Manager,  SLBM  Designation  and  Discrimination  Study  for  BMDATC 

• Project  Manager,  Ballistic  Missile  Vulnerability  Study  for  AFWL 

• Assistant  Program  ManagerA’rogram  Engineer,  RM-20A  Radiometric  Sensor 


• Managed  LMSC  post-delivery  support  of  RM-20A  integrated  systems  test  and  of 
Integration  into  STP  72-2  spaceci^t 

• Participated  in  RM-20A  orbital  operations  planning  related  to  SCF 

• Engineer  degree.  Engineering  Mechanics,  Stanford  University;  M.S,,  Physics, 
New  Mexico  State  University;  B.A,,  Mathematics,  Uatversity  of  California  at 
Los  Angeles 
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JAMES  J.  MAGEE  — Technical  Monitor,  Grumman  Aerospace  (Hybrid  Focal  Plane 
Signal  Processing)  and  Hughes  Aircraft  (Monlithic  Focal  Plane 
Signal  Processing) 

Responsibilities 

• Establishment  of  overall  signal  processing  requirements 

• Establishment  of  specific  focal  plane  signal  processing  requirements 

o Continuous  liaison  with  subcontractor  engineering  organizations 

• Visits  to  and/or  residence  at  subcontractor  facilities  as  necessary  for  surveillance 
of  subcontract  technical  performance  and  implementation  of  any  necessary  correc- 
tive action 

• Rex'iew  and  approval  of  subcontractor  hardware  and  software  designs  and 
specifications 

• Integration  of  subcontract  signal  processing  subsystems  into  the  sensor  system 

c Preparation  for  and  participation  in  Government  technical  direction  meetings  and 
design  reviews 

• Incorporation  of  subcontract  technical  data  in  prime  contract  data 

Background  and  Experience 

• Developed  data  acquisition  preliminary  design  in  tMSC  Teal  Ruby  Experiment 
Phase  I 

• Responsible  for  data  reduction  software  modifications  on  HI-CAM?  program 

• Developed  system  performance  softwara  for  DARPA  Background  Measurements 
Program 

• Responsible  for  redaction  and  analysis  of  infrared  scanner  data 

• Performs  simulations  of  linear  and  nonlinear  data  processing 

• Developed  automatic  pattern  processor  for  real-time  recognition  of  target  patterns 
observed  by  an  infrared  scanner 

• Investigated  infrared  spatial  filtering  techniques  and  atmospheric  absorption  and 
scattering  effects 

e Responsible  for  monitoring  development  of  sensor  for  satellite  Infrared  recon- 
naissance system,  and  for  integration  of  sensor  into  the  spacecraft 

• 14  years  of  professional  experience 

• B.S.,  Physics,  Iowa  State  University;  Graduate  Study,  Applied  Mathematics, 
University  of  Santa  Clara 
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RUDOLF  B.  HORST  - Technical  Monitor,  Hughes  Aircraft  (Monllthlc  Focal  Plano), 
Rockwell  Science  Center  (Detector  Chips),  and  Santa  Barbara 
Research  Center  (Hybrid  Focal  Plane) 

Responsibilities 

• Establishment  of  focal  plane  performance  and  design  requirements 

• Continuous  liaison  with  subcontractor  engineering  and  production  organizations 

• Visits  to  and/or  residence  at  subcontractor  facilities  as  necessary  for  surveillance 
of  subcontractor  engineering  and  manu&cturing  performance  and  implementation  of 
any  necessary  corrective  action 

• Conduct  of  subcontractor  technical  direction  meetings  and  design  reviews 

• Review  and  approval  of  subcontractor  designs  and  specifications 

• Integration  of  the  monolithic  and  hybrid  focal  plane  assemblies  with  associated 
elements  of  the  sensor  system 

• Preparation  for  and  participation  in  Ciovertunent  technical  direction  meetings  and 
. design  reviews 

• Incorporation  of  subcontract  technical  data  in  prime  contract  data 

Background  and  Experience 

• Developed  focal  plane  preliminary  design  in  LMSC  Teal  Ruby  Experiment  Phase  I 

• Responsible  for  focal  plane  definition  and  evaluation  in  Aircraft  Detection  Evaluation 
Program 

• Directed  development  of  RM-20A  focal  plane 

• Task  Leader,  Background  and  Environment  Tests,  Detector  Test  Program  for 
SAMSO 

• Task  Leader,  Focal  Planes,  in  Satellite  Systems  Studies  for  SAMSO 

• Determined  Environmental  Effects  on  Detectors  under  ABMDA  contract 

• Consulted  on  detectors  for  Target  and  Backgrotmd  Measurement  Program  for 
SAMSO 

• Directed  LMSC  IR  work  on  Infrared  Detector  Technology 

• 17  years  of  professional  experience 

• Ph.D.,  Physics,  Unlverslfy  of  Pittsburgh;  M.S.,  Physics,  Iowa  State  College; 

B.S.  (with  Distinction),  Physios,  University  of  Rochester 
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S.  ROLAND  HAWKINS  — Technical  Monitor,  Hughes  Aircraft  (Charge-Coupled  Devices) 

Responsibilities 

• Establishment  of  CCD  performance  requirements 

• Continuous  liaison  with  the  subcontractor  engineering  organization 

• Visits  to  and/or  residence  at  subcontractor  facilities  as  necessary  for  surveillance 
of  subcontractor  engineering  and  manufacturing  performance  and  implementation  of 
any  necessary  corrective  action 

• Review  and  approval  of  subcontractor  CCD  designs  and  specifications 

• Participation  as  appropriate  in  Ciovemment  technical  direction  meetings  and  design 
reviews 

• Incorporation  of  subcontract  technical  data' in  prime  contract  data 


• Reviewed  Hughes  CCD  design  during  LMSC  Teal  Ruby  Experiment  Phase  I. 

• .Performs  experimental  and  analytical  investigations  of  advanced  sensor  focal  plane 
designs 

• Principal  Investigator,  Advanced  Focal  Plane  Research,  LMSC  IR&D  program,  in- 
volving characterization  and  development  of  improved  infrared  and  optical  CCDs 

• Associate  Investigator,  Infrared  Detection  Technology,  LMSC  IR&D  program,  in- 
volving assessment  of  the  impact  of  CCD  mosaic  technology  on  infrared  sensor 
performance 

• Performs  research  on  basic  mechanisms  of  advanced  optical  and  infrared  detectors 

• M.S.,  Mechanical  Engineering,  Stanford  University:  M.S.,  Applied  Physics,  UCLA; 
B.S.,  Physics,  University  of  Oklahoma 
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EDWARD  R.  WASHWELL  - Technical  Monitor,  Perkln-Elmer  (Filters) 

ResponslblHtles 

• Establishment  of  filter  performance  and  design  requirements 

• Continuous  liaison  with  subcontractor  engineering  and  production  organizations 

• Visits  to  and/or  residence  at  subcontractor  facilities  as  necessary  for  surveillance 
of  subcontractor  engineering  and  manufacturing  performance  and  implementatioii  of 
any  necessary  corrective  action 

• Conduct  of  subcontractor  technical  direction  meetings  and  design  reviews 
a Review  and  approval  of  subcontractor  designs  arrd  specifications 

a Integration  of  the  filter  assemblies  and  optical  subsystem  with  associated  elements 
of  the  sensor  system 

a Preparation  for  and  participation  in  Goverrunent  technical  direction  meetings  and 
design  reviews 

a Incorporation  of  subcontract  tecimical  data  in  prime  contract  data 
Background  and  Experience 

a Designing  spectral  modulation  and  calibration  system  in  HI-CAMP  Program 

a Performed  optics  engineering  and  developed  alignment  procedures  for  RM-20A 
sensor 

a Measured  and  calibrated  spectiral  filters  for  RM-19  and  RM-20A 
a Conducted  bidirectional  scattering  studies  of  tr  .lective  arrd  refraction  optics 
a Principal  Investigator  or  Fluorescence  Measurement  Program  for  SAMSO 

a Investigated  optical  properties  of  semiconductors  trader  Environmental  Effects  on 
Detectors  Program  for  ABMDA 

a Investigated  infrared  detector  technology  under  LMSC  IR  program 
a 15  years  of  professional  experience 

a Ph.D.,  Physical  Chemistry,  Masnachusetts  Institute  of  Technology:  M.S.,  Physical 
Chemistry,  Boston  College;  B.S.,  Chemistry,  Northeastern  University 
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HOWARD  E.  MORROW  — Technical  Monitor.  Perkin-Elraer  (Optics) 

Responsibilities 

• Establishment  of  optics  performance  and  design  requirements 

• Continuous  liaison  with  subcontractor  engineering  and  production  organizations 

• Visits  to  and/or  residence  at  subcontractor  facilities  as  necessary  for  surveillance 
of  subcontractor  engineering  and  manufacturing  performance  and  implementation  of 
any  necessary  corrective  action 

• Review  and  approval  of  subcontractor  optics  designs  and  specifications 

• Participation  as  appropriate  in  Government  technical  direction  meetings  and  design 
reviews 

• Incorporation  of  subcontract  technical  data  in  prime  contract  data 


• Technical  Monitor,  Perkln-Elmer  preliminary  optical  subsystem  design  in  LMSC 
Teal  Ruby  Experiment  Phase  I 

• Performing  relmaging  optics  design  for  HI-CAMP  program 

• Performed  optical  design  for  HEL  Precision  Spot  Positioning  System  for  the  Army 
Mobile  Test  Unit  for  MICOM 

• Conducted  stray  light  analysis  for  horizon  sensor  developments 

• Performed  detailed  optics  design  and  optical  tolerance  analysis  for  infrared  photometer 
development  for  NASA  Space  Telescope  program 

• Developed  optical  design  for  optical  character  readers  for  point-of-sale  terminals 
(with  Spectra  Physics) 

• Conducted  test  and  evaluation  of  1110-ln.  -diameter  fused-silica  astronomical  mirror 
(with  University  of  Arizona  Optical  Sciences  Center) 

• Designed  and  built  first  operational  polarization  interferometer  (with  U.  of  A.  OSC) 

• B.A.,  Physics,  San  Diego  State  University 
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2.3,4  Spacecraft  bitegratlon  and  Interface  Management 


JOHN  F.  HOULE  —Assistant  Program  Manager,  Spacecraft  Integration  and  Interface 
Management 

Responsibilities 

• Definition  and  documentation  of  the  physical  and  functional  Interfaces  between  the 
sensor  system  and  the  spacecraft 

• Control  of  tliese  Interfaces  to  the  doctunented  definition 

• Obtaining  SAMSO  approval  of  all  changes  to  the  documented  definition  prior  to  im- 
plementation of  such  changes 

• Mabitenance  and  updating  of  the  Payload  Requirements  Questionnaire  as  necessary 

• Planning  and  implementation  of  sensor  system  field  support  for  integration  and 
testing  of  the  sensor  system  at  the  spacecraft  contractor’s  plant  and  at  the  launch 
base 

• ' Preparation  for  and  participation  in  technical  direction  meetings  and  design  reviews 

• Preparation  and  review  of  engineering  contract  data 

Background  and  Experience 


e Prepared  Payload  Requirements  Questionnaire  during  LMSC  Teal  Ruby  Experiment 
Phase  I 

• Project  Leader  for  SAMSO-STP  standard  spacecraft  and  experiment  integration 

• Responsible  for  system  requirements  and  system  engineering  management  plan  on 
lUS  proposal  wltli  emphasis  on  mission  analysis  and  orbiter  interface 

• Chief  Systems  Engineer  for  Communications  Satellite  Programs,  including  Intelsat  V, 
DSCS-ra,  and  DOMSAT  efforts 

• Responsible  for  spacecraft  project  engineering  on  Intelsat  IV  and  the  LMSC 
Communications  Satellite  Independent  Development  program 

• Chief  (acting)  of  standard  Agena  requirements  to  effect  changes  for  using  programs 

• Manager  of  SSD  Propulsion  Department  following  duties  as  Section  and  Group 
Supervisor  in  that  department 

• 26  years  of  professional  experience,  20  with  Lockheed 

• B.M.E,,  Clarkson  College  of  Technology,  Potsdam,  New  York 
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H.  L.  (MONTE)  JENSEN  - Integration  Field  Support 

ResponatbtHttes 

• Preparation  of  a plan  for  Integration  field  support  operations  at  the  spacecraft  con- 
tractor's plant  and  at  the  launch  base 

• Preparation  of  test  plans  and  procedures  for  integration  and  checkout  of  the  sensor 
system  with  the  spacecraft 

• Preparation  of  plans  and  procedures  for  prelaunch  checkout 

• Design,  fabrication,  assembly,  and  checkout  of  program-peculiar  support  equipment 
required  for  use  at  the  spacecraft  contractor's  plant  and  at  the  launch  base  (and  not 
provided  as  factoty  checkout  equipment) 

• Development  of  software  unique  to  sensor/spacecraft  integration  and  prelaunch 
activities 

• Supervision  of  field  support  activities  at  the  spacecraft  contractor's  plant  and  at  the 
launch  base 

• , Preparation  for  and  participation  in  technical  direction  meetings 

• Preparation  of  engineering  contract  data 

Background  and  F: 


• Defined  preliminary  sensor  system/spacecraft  interfaces  for  LMSC  Teal  Ruby 
Experiment  sensor  system,  and  developed  preliminary  test  requirements 

• Defined  system  requirements  and  performed  system  evaluation  and  analyst'  for 
communications  satellites,  remotely  piloted  vehicles,  and  proposed  Interim  Upper 
Stage 

• Developed  propulsion  system  definition  and  design  for  Agena  Resusable  Upper  Stage 
and  Interim  Upper  Stage 

• Study  Manager,  External  Refrigeration  Systems  for  Long-Term  Cryogenic  Storage 
study  imder  NASA  contract 

• Performed  preliminary  design  studies  of  space  vehicle  and  vehicles  systems 

• Conducted  system  optimisation  studies  of  spacecraft  and  missiles 

• M.S.,  Mathematics,  San  Jose  State  University;  B.S.,  Aeronautical  Engineering, 
California  State  Polytechnic  College 
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2,3.5  Post-Launch  Operations 

RICHAKDW.  RUTOWSKI- Assistant  Program  Manager,  Post-Launch  Operations 

Responsibilities  ^ v 

• Development  of  plans  for  the  various  missions  to  exercise  the  Experiment  sensor 
payload  on  orbit 

• Development  of  mission  planning  software 

• Development  of  command  generation  software 

• Development  of  data  processing  software 

• Development  of  a data  processing  ground  station 

• Provision  of  support  services  to  the  Satellite  Control  Facility  during  orbital 
operations 

• Preparation  for  and  participation  in  technical  direction  meetings 
*•  Preparation  of  engineering  contract  data 

• Sensor  flight  data  reduction  and  generation  of  research  tapes 
Background  and  Experience 

• See  section  2.3.3,  page  2-16. 
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NORMAN  G.  KULGEIN  - Mission  Planning 
Responsibilities 

• Development  of  software  to  support  mission  planning 

• Preparation  of  plans  for  the  missions  to  be  performed  on  orbit 

• Ibreparatlon  for  and  participation  in  technical  direction  meetings 

• Preparation  of  engineering  contract  data 
Background  and  Experience 

• Performing  mission/flight  planning,  and  background  data  reduction  and  evaluation 
on  the  HI-CAMP  program 

• Performing  background  data  analyses  on  Aircraft  Detection  Evaluation  Program 

• Performed  mission  planning  and  data  analysis  for  DARPA  Background  Measurements 
Programs 

• Performed  mission  planning  and  data  anlysls  for  RM-19  and  RM-20A  infrared 
. satellite  experiments  for  4 years 

• Performed  background  data  analysis  for  Target  and  Background  Measurement 
Program  for  SAMSO 

• Investigated  spatial  variations  of  the  natural  infrared  background 

• Performs  theoretical  studies  of  atmospheric  phenomena 

• 17  years  of  professional  experience  In  the  aerospace  industry 

• Ph.D.,  Engineering  and  Applied  Physics,  Harvard  University:  M.S,,  B.S., 

Chemical  Engineering,  Massachusetts  Institute  of  Technology 
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JAMES  J.  MAGEE  - Data  Processing 
Responsibilities 

• Development  of  command  generation  software 

• Development  of  data  processing  software 

• Development  of  data  processing  ground  station 

• Sensor  flight  data  reduction  and  generation  of  research  tapes 

• Preparation  for  and  participation  In  technical  direction  meetings 

• Preparation  of  engineering  contract  data 
Background  and  Experience 

See  section  2.3,3,  page  2-17. 
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RICHARD  L.  JACOBS -Satellite  Control  Facility  Support 
Responsibilities 

• Provision  of  support  to  the  Satellite  Control  Facility  during  orlbital  operations 

• Analysis  of  payload  status  data 

• Preparation  of  engineering  contract  data 
Background  and  Experience 

• Performing  design  integration  on  classified  program 

• Group  Leader,  RM-20A  orbit  support  team,  provided  orbit  operations  requirements 
and  command  generation  requirements  for  RM-20A  mission  to  the  SCF 

• Prepared  system  test  requirements  and  analyzed  test  results  for  RM-20A 

• Performed  system  analysis  of  STP71-2  spacecraft  and  payload  TT&C  and  power 
systems 

• Prepared  P71-2  system  test  requirements  and  analyzed  test  results 

• • Provided  technical  support  during  P71-2  orbital  operations 

• Performed  electrical  integration  of  Discoverer  program  spacecraft  equipment  and 
supported  orbit  operations 

• Over  16  years  of  professional  aerospace  experience 

• Electrical  Engineering,  San  Jose  City  College 
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2.3.6  Product  Assurance 

FRANK  J.  ZIEGEL  — Product  Assurance 

Responsibilities 

• Direction  of  Product  Assurance  activities,  including  quality  assurance,  reliability 
and  maintainability,  and  system  safety 

• Implementation  of  the  Quality  Assurance  Plan,  the  Reliability /Maintainability  Plan, 
and  the  System  Safety  Plan 

• Performance  of  quality  engineering,  including  review  of  drawings  and  specifications 
for  quality  provisions,  and  of  procurement  documents  to  ensure  that  standards  im- 
posed on  subcontractors  and  suppliers  are  accurate  and  consistent  with  Government 
requirements 

• Supervision  of  inspection  during  manufacturing  and  test  operations 

• Preparation  of  equipment  delivery  documentation 

• • Preparation  for  and  participation  in  technical  direction  meetings  and  design  reviews 

• Review  of  Product  Assurance  engineering  contract  data 

Background  and 


• Prepared  the  Quality  Assurance  Plan  for  Teal  Ruby  Experiment  Phase  n 

• Supervised  test  surveillance  during  Minuteman  Survivable  Power  safety  demonstration 

• Reliability  and  Quality  Assurance  representative,  DIMS  Solid  Cryogen  Cooler 
program  for  NASA 

• Reliability  and  Quality  Assurance  representative,  personnel  breathing  apparatus 
production 

• Production  Design  Engineer,  LMSC  reentry  vehicle  programs 

• Receiving  Inspection  Supervisor,  military  aircraft  parts  and  materials 

• M.B.A.,  Mexico  City  College;  Industrial  Engineering,  General  Motors  Institute 
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CARLOS  A.  MATEUS  - Reliablllty/Malntalnability 

ResponslblUtles 

• Review  of  drawings  and  specifications  for  reliability  considerations 

• Review  of  procurement  documents  to  ensure  that  standards  imposed  on  subcontrac- 
tors and  suppliers  are  accurate  and  consistent  with  Government  requirements 

• Performance  of  reliability  analyses,  and  development  of  reliability  predictions 

• ' Performance  of  failure  modes  and  effects  analyses 

• Maintenance  and  updating  as  needed  of  the  Reliability  Failure  Modes,  Effects, 
and  Criticality  Analysis  Report 

Background  and  Experience 

• Performed  analyses  and  prepared  the  initial  Reliability  Failure  Modes,  Effects, 
and  Criticality  Analysis  Report  in  LMSC  Teal  Ruby  Experiment  Phase  I 

• Performed  reliability  analyses,  failure  modes  and  effects  analyses,  and  system 
safety  analyses  of  electronic  a^  electrical  equipment  for  11  years  on  special 

• programs 

• Performed  system  engineering  of  electrical  and  electronic  equipment  in  Standard 
Agena  program 

• Directed  reliability  analyses  and  testing  of  C&C  equipment 

• Manager,  Engineering  Development  Test  {with  Douglas  Missiles  & Space) 

• Project  Engineer,  NIKE  missile  latmch  and  control  equipment  installation  and  engi- 
neering evaluation  (with  Douglas) 

• Field  Engineering  Manager,  NIKE  missile  program  (with  Douglas) 

• 36  years  of  professional  aerospace  experience 

• B.S.,  Electrical  Engineering,  University  of  California  at  Berkeley 
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JAMES  D.  LONG  - System  Safety 

Responsibilities 

• Performance  of  system  safety  design  analyses 

• Implementation  of  system  safefy  plan 

• Preparation  of  system  safety  analysis  reports 

Backirround  and  Experience 

• Conducted  system  safety  design  analyses  In  Space  Laser  Experiment  Definition 
study  for  DARPA/SAMSO 

• Aanalyzed  design  of  HEL  Precision  Spot  Positioning  System  for  the  Army  Mobile 
Test  Unit  for  MICOM 

• Performed  system  safety  analysis  of  RPVs 

• Performed  system  safety  analyses  of  aircraft  and  space  systems  and  mass  transit 
systems  (ttdth  Martin  Marietta-Denver) 

•.  Responsible  for  weapon  systems  flight  testing,  airborne  electronics  systems  evalu- 
ation, space  mission  data  evaluation  (with  Martin  Marietta) 

• M.S.,  Physics,  Drexel  University;  B.S.,  Physics,  Franklin  and  Marshall  College 
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3.3.7  Program  Controls 

ALANJ.  HANTON- Assistant  Program  Manager,  Program  Controls 

Responsibilities 

• Preparation  of  detailed  plans  for  accomplishment  of  the  program,  including  schedules 
and  budgets 

• Weekly  determination  of  status  against  schedules  and  allocated  budgets 

• Comparison  of  technical  performance  against  schedule  and  budget  status 

• Determination  of  subcontractor  schedule  and  budget  performance 

• Accounting  and  control  of  the  system  configuration  in  accordance  with  the  Configura- 
tion Management  Plan 

• Preparation  of  management  contract  data 

• Monitoring  of  contract  data  submittals  for  timeliness  and  completeness  ■ 

• ' Preparation  of  internal  schedule  and  budget  status  reports 

• Coordination  of  engineering  change  and  task  change  proposals 

• Coordinates  program  activities  of  subcontract  administration,  material  procure- 
ment, and  cost  accounting 

Background  and  Experience 

• Supervised  preliminary  plans  for  Teal  Ruby  Phase  n program,  including  CWBS, 
detailed  schedules,  and  coordination  of  cost  element  inputs 

• Responsible  for  program  planning,  budgeting,  and  scheduling  of  LMSC  Advanced 
Systems  Technology  programs 

• Directs  configuration  and  data  management  and  subcontractor/supplier  monitoring 
activities 

• Supervisor,  Program  Controls,  LMSC  Ground  Vehicle  Systems;  and  Reentry  Vehicles 
Technology  and  Observables  Program  (RVTO-2B) 

• Program  Manager  of  a DARPA  counterinsurgency  management  system  contract  in 
Soufteast  Asia 

• Consultant  in  management  systems  to  the  U.S.  Ambassador's  Minister  for  Counter- 
insurgency in  Thailand 

• Program  Management  Controller  for  the  MK-3  Reentry  System  contract  during  the 
Posaidon  development  program 

• B.S.,  industrial  Management,  Stanford  University 
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JAMES  F.  KERN  — Subcontract  Administrator 
Responsibilities 

• Review  of  subcontract  statements  of  work  and  corollary  documents  (work  breakdown 
structures,  schedules,  data  regulrements  lists)  to  verity  adequacy- 

• Formal  solicitation  of  bids  for  research  and  development,  design,  and  fabrication 

• Preaward  surveys 

• Subcontract  negotiation 

• Subcontract  performance  monitoring 

• Negotiation  of  subcontract  changes 
Background  and  Experience 

• Negotiated  and  administrated  subconi.acts  for  LMSC  Teal  Ruby  Experiment  Phase  I 

• Conducted  source  surveys  and  negotiated  preproposal  subcontract  fer  MX  Ground 
Power  Source  Advanced  Development  Program 

Negotiated  and  administered  subcontracts  for  ^ace  Laser  Experiment  Definition 
Study  and  Advanced  Optics  Technology  contracts  for  DARPA/SAMSO 

• Senior  Buyer,  Trident  C-4  Fleet  Ballistic  Missile  Program 

• Senior  Buyer,  RM-20A  Program 

• Senior  Buyer,  Poseidon  C-3  Fleet  Ballistic  Missile  Program 

• Contracting  Officer's  Representative,  M-l  Engine  Program  (with  NASA  Lewis) 

• 29  years  of  procurement  experience 

• Business  Administration,  University  of  Iowa  and  Wayne  State  University 
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RICHARD  C.  SEX70N  - Material  Procurement 

ResponslblUttes 

• Implementation  of  LMSC  and  DoD  procurement  policies 

• Development  of  material  source  lists,  based  on  program  needs,  approved  supplier 
lists,  and  past  performance 

• Development  of  material  costs  for  inclusion  in  price  proposals 

• Solicitation  of  quotations  for  procured  material 

• Placement  of  orders,  and  monitoring  of  supplier  quality  and  delivery  schedule 
performance 

Background  and  Experience 

• Supervisor,  LMSC  Research  and  New  Programs  organization  material  procurement, 
responsible  for  procurements  including  Background  Measurements  Program,  CAMP, 
and  HI-CAMP  for  DARPA,  and  Minuteman  Survlvable  Power  Source  Program  for 
AFLC 

• ■ Supervisor,  LMSC  Ground  Vehicle  Systems  material  procurement,  responsible  for 

procurements  including  Advanced  Reconnaissance  Scout  Vehicle  and  Family  of 
Military  Engineer  Construction  Equipment  programs  for  Army  ATAC 

• Supervised  material  procurement  for  YO-3A  Quiet  Aircraft  development  and  produc- 
tion program  for  Army  Aviation  Systems  Command 

• Group  Leader,  LMSC  R&DD  proposal  support  material  and  subcontract  pricing 

• 25  years  experience  in  aerospace  procurement 

• Business  Administration,  West  Valley  and  Pierce  Colleges  (California) 
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THOMAS  J.  VANDERBOSCH  — Contract  Administration 
Responsibilities 

• Proposal  analysis  to  ensure  compliance  with  Government  solicitation  and  procure- 
ment requirements 

• Negotiation  of  contract  statement  of  work  and  terms  and  conditions 

• Contract  administration  to  ensure  compliance  with  contract  provisions 

• Monitoring  of  contract  data  submittals  to  ensure  schedule  conformance 

• Transmittal  of  contract  data 

• Negotiation  of  engineering  change  proposals,  task  change  proposals,  and  other 
contract  amendments 

Background  and  Experience 

• Negotiated  and  administered  Space  Laser  Experiment  Definition  and  Advanced  Optics 
Technology  contracts  with  SAMSO 

c.  Negotiated  and  administered  space  experiment  contracts  with  ONR,  DNA,  and  NASA, 
Including  Advanced  Gamma-Ray  Spectrometer,  Orbiting  Solar  Observatory  8,  and 
Solar  Maximum  Mission 

• Analyzed  proposals  and  negotiated  and  administered  subcontracts  for  the  main  propul- 
sion system  of  the  Poseidon  C-3  Fleet  Ballistic  Missile 

• Chief  of  Contract  Administration,  Bendix  Aerospace  Division 

• Negotiated  and  administered  contracts  for  J-79  engine  fuel  system  (with  Bendix) 

• 24  years  of  contract  administration  experience 

^ • B.A.,  Sociology,  University  of  Notre  Dame;  graduate  course  in  contract  admini- 

‘ stration  and  management 
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RICHARD  E.  MALONE  - Cost  Accounting  and  Controls 
Responsibilities 

• Development  of  proposed  contract  cost  and  pricing  data 

• Negotiation  of  contract  cost  and  pricing 

• Accounting  and  control  of  contract  costs,  including  labor,  subcontracts,  material, 
and  other  direct  charges 

• Preparation  of  financial  contract  data 
Background  and  Experience 

• Supervised  cost  accounting  and  controls  on  LMSC  biotechnology  programs  for  NASA 

• Supervised  cost  accounting  and  controls  on  LMSC  engineering  services  programs  for 
DNA 

• Performed  cost  estimating  and  control  of  R&D  effort  in  support  of  Poseidon  C-3 
Fleet  Ballistic  Missile  Program 

•_  Performance  cost  control  activities  related  to  applied  research  programs 

• Assistant  Project  Officer,  Financial  Control,  Sidewinder  missile  program  (with 
U.S,  Naval  Ordnance  Test  Station,  China  Lake) 

• 22  years  of  financial  operations  and  cost  control  experience 

• M.B.A.,  B,S,  University  of  Santa  Clara 
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Section  3 

PROGRAM  MANAGEMENT 

This  section  describes  the  program  management  activities  that  will  be  implemented 
for  accomplishment  of  the  TEAL  RUBY  E^qjerlment  Phase  H Program.  It  defines 
how  the  program  is  planned,  the  controls  that  are  applied  to  ensure  conformance 
to  the  plan,  and  specifies  the  procedures  for  pro..osing  changes  to  the  scope  of  the 
program. 

3.1  PROGRAM  PLANNING 

The  objective  of  the  program  planning  activity  is  the  establishment  of  an  integrated 
detailed  plan  tor  accomplishment  of  all  of  the  requirements  of  the  program  in  terms 
of  work  tasks  to  be  performed,  schedules  for  accomplishment  of  these  work  tasks, 
and  allocation  of  the  resources  necessary  for  their  accomplishment. 

Based  upon  the  contract  Statement  of  Work  and  the  Prime  Item  SpecUication,  a 
detailed  Contract  Work  Breakdown  Structure  (CWBS)  is  prepared  to  identify  each  of 
the  work  tasks  to  be  performed.  The  CWBS  Is  primarily  hardware  oriented,  but 
at  the  same  time  provides  for  the  major  work  to  be  performed  - such  as  On-Orbit 
Support  - that  is  not  hardware  oriented.  The  Phase  H CWBS  is  given  in  Table  3-1. 

Using  the  CWBS  as  the  identification  of  the  work  to  be  accomplished,  detailed  schedules 
are  prepared  for  the  performance  of  each  element  of  the  work.  While  a set-back 
scheduUng  techi..que  is  the  primary  method  for  establishment  of  program  schedules, 
at  the  same  time  consideration  is  given  to  the  time  required  for  each  work  task, 
based  on  previous  experience  in  work  elements  of  similar  size  and  complexity. 

Thus,  by  iterating  the  setback  master  schedule  with  the  basic  work  task  schedules, 
an  integrated  program  schedule  Is  achieved  that  offers  a high  level  of  confidence  hi 
the  probability  of  realization.  These  techniques  have  been  applied  in  development 
of  the  Teal  Ruby  Experiment  Phase  H Program  Master  Schedule,  which  is  given  in 
Fig.  3-1  (contained  in  the  Inserted  envelqje). 
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Table  3-1 

DARFA  601,  TEAL  RUBY  EXPERIMENT  PROGRAM 
PHASE  II  WORK  BREAKDOWN  STRUCTURE 


LEVEI£: 


I.  II.  III.  IV.  V.  VI. 


i. 

*00-0000  Teal  Ruby  Experiment  Program 


II. 

*60-0000  Program  Hardware 


III. 

*61-0000  Sensor  Hardware  (Flight  Sensor/Qual  Model)' 


IV. 

*61-A000  Sensor  System  Integration  & Assembly 


V. 

61-AOlO  Detail  Design 

61-A020  Manufacturing 

61-A030  Material 

61-AOAO  Inspection 

61-A050  Final  Assembly  & Checkout 

61-A060  Engineering  Liaison 

61-A070  Sustaining  Engineering 


IV. 

*61-C000  Thermal  Subsystem 


V. 

*61-C100  Cryogenic  Cooler 


*Indlcate8  sumalng  level  only. 

A— 3— 2 


VI. 

61-CllO  Cryo  Detail  Design 
61-C120  Cryo  Manufacturing, 

Subassembly  & Checkout 
61-C130  Cryo  Material 
61-ClAO  Cryo  Inspection 
61-ClSO  Cryo  Development  Test 
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Table  3-1  (Contd) 


*61-C200  Radiafors 


6I-C210  Rad,  Detail  Design 
61-C220  Rad.  Manufacturing 
61-C230  Rad.  Material 
61-C240  Rad,  Inspection 
61-C2S0  Rad.  Develop.  Test 


*61-C300  Thermal  Sensor  Shroud 


61-C310  Shroud  Detail  Design 
61-C320  Shroud  Manufacturing 
61-C330  Shroud  Material 
61-C340  Shroud  Inspection 


*61-E000  Optical  Subsystem 


61-EOlO  Optical  Assembly  Subcontract 
61-E030  Subcontract  Monitoring 
61-E040  Inspection 


*61-F000  Focal  Plane  Subsystea 


*61-F100  Hybrid  Focal  Plane  Assembly 


61-FllO  Hybrid  Focal  Plane  Subcontract 
61-F130  Subcontract  Monitoring 
61-F140  Inspection 


*61-F200  Monolithic  Focal  Plane  Assembly 


61-F210  Monolithic  Focal  Plane 
Subcontract 

61'F230  Subcontract  Monitoring 
61-F240  Inspection 
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Table  3-1  (Contd) 


*61-F300  Acous to-Optical  Tunable  Filter  Assembly 


61-F310  AOIF  Detail  Design 
61-F320  M£g,  Assy,  & Checkout 
61>F330  Material 
61-F340  Inspection 


*61-F400  Fixed  Filter  Assemblies 


61-F410  Fixed  Filter  Subcontract 
61-F430  Subcontract  Monitoring 
61-F440  Inspection 
61-F450  Filter  Development  Test 


*61-F500  Focal  Plane  Mechanical  Assembly 
VI. 

6I-F510  Detail  Design 
61-FS20  Manufacturing 
61-F530  Material 
61-F540  Inspection 

61-F550  Subsystem  Assembly  & Checkout 


*6l-GOOO  Pointing  Subsystem 

V. 

61-GOlO  Detail  Design 

61-G020  Manufacturing 

61-G030  Material 

61-G040  Inspection 

61-G050  Subcontract  Monitoring 

61-G060  Subsystem  Ass'y  and  Checkout 

61-G070  Gimbal  Drive  Subcontract 

IV. 

*61-H000  Data  Processing  Subsystem 


*61-H100  Ib^brld  Focal  Plane  Signal  Processing 
VI 

81-HllO  HFPA  Signal  Processing 
Subcontract 

61-H130  Subcontract  Monitoring 
61-H140  Inspection 
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Table  3-1  (Contd) 


*61-H200  Honolichic  Focal  Plane  Signal 
Processing 


61-H210  MFPA  Signal  Processing 
Subcontract: 

61-H230  Subcontract  Monitoring 

61-H240  Inspection 


*61-K000  Central  Control  Unit 


61-KOlO  CC  Unit  Detail  Design  • 
61-K020  CC  Unit  Manufacturing 
61-K030  CC  Unit  Material 
61-K040  CC  Unit  Inspection 
61-K050  CC  Unit  Development  Test 


*62-0000  Mass  Properties,  Fit,  and  Structural  Models 


62-0010  Detail  Design 

62-0020  Manufacturing 

62-0030  Material 

62-0040  Inspection 

62-0030  Final  Assembly  and  Checkout 


*63-0000  Program-Peculiar  Support  Equipment 
IV. 

63-0010  Detail  Design 

63-0020  Manufacturing,  Assembly,  and  Checkout 

63-0030  Material 

63-0040  Inspection 


*70-0000  Analytical  Models 
III. 

71- 0010  Thermal  Model 

72- 0020  Mechanical  Model 

73- 0030  Electrical  Model 


LOCKHEED  MISSILES  & SPACE  COMPANY.  INC. 


LMSC-5699533 


Table  3-1  (Contd) 


*80-0000  Test  and  Evaluation 


*81-0000  Test  Planning  and  Preparation 


81-0010  Test  Supervision 
81-0020  Plans  and  Procedures 

81-0030  Test  Equipment  Hdwe  & Software  (Design, Fab, C/0) 
81-0040  Inspection  , 


82- 0010  Development  Testing 

83- 0020  Qualification  Testing 

84- 0030  Acceptance  Testing 

85- 0040  Inspection 


*90-0000  Qualification  and  Integration  Support 


91- 0010  Interface  Control  Document 

92- 0020  Pre- launch  Integration/Support  Services 


*AO-0000  Operational  Software 


Al-OOlO  Command  Generation  Software 
A2-0020  Mission  Planning  Software 
A3-0030  Experiment  Data  Reduction  Software 


*CO-0000  On-Orblt  Support 


Cl-0010  Support  Services  to  SCF 
C2-0020  Post-Launch  Mission  Planning  Services 
C3-0030  Data  Processing  Ground  Station 
C4-0040  Research  Tape  Reduction 


*EO-0000  Project  Management 


El-0010  Engineering  Supervision 
E2-0020  Program  Control 
E3-0030  Configuration  Management 
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Table  3-1  (contd) 

I.  II.  III.  IV.  V.  VI, 

*E4-0000  Product  Assurance 
IV. 

E4-0010  Quality  Assurance  and  Engineering 
E4-0020  Reliability/Maintainability 
E4-0030  Safety 


I 


1^, 


I 


III. 

E5-0050  Baca 
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Finally,  cost  input  worksheets  are  prepared  by  each  doing  organization  responsible 
for  accomplishment  of  the  work  for  each  work  element.  These  worksheets  provide 
for  estimation  of  labor  requirements,  as  well  as  travel,  computer,  and  other  elements 
of  direct  cost.  These  estimates  are  prepared  with  the  CVVBS  and  the  approved  pro- 
gram schedules  in  hand,  and  are  required  to  be  consistent  with  these  doctunents.  Two 
factors  are  applied  in  deriving  the  estimates:  (1)  an  analysis  of  the  work  to  be  per- 
formed and  the  time  permitted  for  Its  performance,  and  (2)  experience  in  previous 
programs  of  relatablc  size  and  complexity. 

After  completion  of  this  estimating  process,  the  estimates  are  completely  reviewed 
by  the  Teal  Huby  Pi'ogram  Manager  for  cost  realism.  The  estimates  are  then 
provided  to  price  estimators  for  determination  of  the  contract  costs  reflected  in  the 
cost  proposal. 

In  addition  to  serving  as  the  basis  of  the  cost  proposal,  the  estimates  are  then  used 
to  establish  the  budgets  for  performance  of  the  work  against  which  cost  performance 
will  be  measured. 

By  following  this  orderly  process,  an  integrated  plan  for  accomplishment  of  the 
program  is  achieved  - a plan  against  which  the  entire  performance  of  the  program 
can  be  controlled  and  measured.  The  program  management  controls  that  are  then 
applied  are  described  in  the  following  section. 


3.2  PROGRAM  MANAGEMENT  CONTROLS 

LMSC,  as  a major  aerospace  contractor,  has  developed  and  utilizes  proven  manage- 
ment control  systems  in  the  conduct  of  its  diverse  missile,  space,  and  research  and 
development  programs.  This  section  describes  the  manner  in  which  established 
LMSC  management  control  practices  will  be  used  to  ensure  favorable  performance  within 
Teal  Huby  Program  cost,  schedule,  and  technical  requirements. 


The  Contract  Work  Breakdown  Structure  (Table  3-1)  provides  the  single  official 
project  breakdown,  and  the  Contract  Statement  of  Work,  the  only  statement  of  the 
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total  effort  to  ba  accomplished.  Statement  of  Work  task  descriptions  are  direct, 
detailed  statements  that  sum  up  to  the  total  Teal  Ruby  Experiment  Program;  they 
also  provide  the  initial  Input  for  detailed  progi-am  cost  estimation  and  subsequently 
provide  the  total  program  operating  budget.  The  Program  Master  Schedule 
(Fig.  3-1)  provides  the  single  time  framework  for  successful  program  accomplishment. 

Full  responsibility  for  dlrecu-ig  adherence  to  contract  technical,  schedule,  and  cost 
requirements  is  assigned  to  the  Teal  Ruby  Program  Manager.  To  assist  the 
Program  Manager  in  ensuring  adherence  to  all  contract  constraints,  an  Assistant 
Program  Manager  for  Program  Controls  has  been  appointed  to  assist  in  implementing 
and  directing  the  business  management  and  ccnlral  activities  during  Phase  II.  The 
Assistant  Program  Manager  will  direct  the  .,iIori  of  program  planning  and  budgeting, 
issuing  task  and  budgets  assignments,  monitoring  program  progress  and  cost, 
monitoring  subcontractor/supplier  activity,  preparing  progress  and  financial  reports, 
implementing  the  configuration  management  program,  and  performing  all  other 
elements  related  to  management  control  functions. 

Descriptions  of  the  component  control  activities  thet  comprise  the  LMSC  approach 
to  an  effective  management  control  system  are  given  in  the  following  paragraphs. 

3.2. 1 Cost  and  Schedule  Control 

3 . 2 . 1 . 1 Background  and  General  Information 

This  section  describes  the  Cost  and  Schedule  Control  System  to  be  utilized  on  Phase  H 
of  the  Teal  Ru.by  Experiment  Prograta..  This  system  is  provided  as  a practical  and 
economical  alternative  to  a system  complying  with  the  criteria  of  DoD  Instruction 
7000.2. 

The  system  described  herein  is  compatible  with  the  criteria  for  management  control 
established  by  LMSC  for  other  succ-  ssful  Government  contracts;  it  has  been  imple- 
mented on  a number  of  Government  contracts  and  has  successfully  provided 
management  with  needed  visibility  for  decision  maJdng,  resource  allocation,  program 
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direction,  and  early  identification  and  resolution  of  potential  problem  areas. 

The  dlfierenoes  between  the  alternative  system  proposed  herein  and  the  one 
described  in  DoD  Instruction  7000.2  are  in  the  areas  of  earned  value,  management 
reserve  reporting,  and  variance  analysis.  Table  3-2  d^icts  these  differences. 

As  good  business  practice  dlctatci,  a management  reserve  will  be  established  by 
the  Teal  Ruby  Program  Manager;  however,  reserve  baseline  status  will  be  treated 
as  internal  LMSC  information.  Written  problem  analysis  for  the  Government  will  be 
provided  in  the  form  of  a siunmary  analysis  at  the  total  contract  level,  with  discussion 
of  problems  at  lower  levels  provided  on  an  as- required  basis. 

3 1 2 . 1 . 2 System  Description 

Teal  Ruby  Cost  and  Schedule  Control  has  the  following  elements; 

• An  end-item  oriented  Contract  Work  Breakdown  Structure  (CWBS)  that  has  been 
progressively  extended  to  a logical  point  where  functional  effort  can  be  applied 
for  effective  cost  and  schi  dule  control 

• Cost  accounts  related  to  the  CWBS  ar.d  functional  organization 

• Change  control  and  accounting 

• Management  reserve 

• Program  Master  Schedule  and  subsidiary  schedules  related  to 
the  CWBS  end-items 

• Resource  allocation  and  v/ork  authorization  documents 

• Responsibility  for  schedule  and  cost  control  delegated  to  the 
level  where  work  is  performed 

• Regular  reviews  of  work  accomplished  and  forecasts  to  complete 

These  elements  provide  complete,  continuous  traceability  of  the  cost  and  schedule 
position  throughout  the  life  of  the  contract,  commencing  with  contract  negotiation. 

The  system  requires  all  budget  plans  to  be  identified  to  the  functions  necessary  to 
produce  the  products  and  services  required,  by  the  contract  Statement  of  Work  and  to 
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Table  3-2 

COST  AND  SCHEDULE  CONTROL 


The  following  DoD  Instruction  7000.2  C/SCSC  Checklist  items  are  only  partially 
satisfied  under  this  system: 

l.  ORGANIZATION 

S.b  System  does  not  include  procedures  for  formal  reporting  of  schedule 
performance,  BCWP  vs.  BCWS,  or  earned  value  stated  as  BCWP 
vs.  ACWP. 

H.  PLANNING  AND  BUDGETING 

2.b  Same  as  I. S.b 

7.2  For  production  effort,  there  will  be  no  established  shop  standards. 

5. b  There  is  no  formal  classification  of  work  into  level  of  effort, 

measured  or  apportioned  effort. 

10.  Management  reserves  and  undistributed  budgets  will  not  be  formally 
identified  and  reported  to  tlie  Government. 

11.  A monthly  performance  measurement  baseline  will  not  be  submitted. 

m.  ACCOUNTING 

6.  SeeH.S.b 

IV.  ANALYSIS 

The  system  satisfies  all  criteria  except  those  requiring  a formal  earned 
value  'BCWP)  system. 

Written  problem  analysis  for  the  Government  will  be  limited  to  a summary 
analysis  at  the  total  contract  level  with  supporting  detail  as  required. 

V.  REVISIONS  & ACCESS  TO  DATA 

5.  The  procuring  activity  is  not  notified  of  internally  generated  changes 
to  the  contractor's  performance  measurement  baseline. 
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the  schedules  covering  these  iunctions. 

Effective  Identification  and  definition  of  the  work  required  to  meet  contract  objectives 
are  accomplished  through  the  use  of  a well-planned  OWES  and  an  end-item/functional 
matrix  that  identifies  the  responsible  and  performing  organizations  involved  in 
accomplishing  the  work.  When  charge  numbers  are  assigned  to  the  matrix,  it  also 
provides  a means  of  planning,  budgeting  and  accumulating  costs.  Monthly  estimates- 
to-oomplete  produce  periodic  estimated  final  cost  projections  for  die  entire  contract. 
A budget  ledger  system  is  employed  to  record  the  effect  of  changes  to  the  program. 

Administration  of  the  cost  and  schedule  control  functions  will  be  the  responsibility 
of  the  Cost  and  Schedule  Control  Group  reporting  to  the  Assistant  Program  -Manager, 
Program  Controls.  Cost  and  .Schedule  Control  will  be  responsible  for  the  following 
tasks: 


Control  and  status  performance  against  CWBS  elements 

Coordinate  manpower  planning  and  resource  allocation 

Control  and  status  the  Program  Master  Schedule,  and  detailed  operating 

schedules 

Through  the  Configuration  Control  Board  activity,  coordinate  design  and 
fabrication  priorities  for  sensor  development 
Schedule  and  convene  program  status  review  meetings 
Prepare  monthly  status  reports  for  transmittal  to  the  Government 
Review  weekly  LMSC  internal  cost  and  schedule  reports  for  assessment 
of  program  progress 


3. 2. 1.3  Organization 

This  section  covers  the  methods  to  be  used  in  defining  the  authorized  work  and 
related  resources,  identifying  the  responsible  and  performing  organizations,  and 
integrating  the  planning  and  operational  aspects  of  the  system  to  ensure  effective 
performance  measurement. 


LOCKHEED  MISSILES  & SPACE  COMPANY.  INC. 


LMSC-5699533 


3. 2. 1.3.1  Contract  Work  Breakdown  Structure  (CWBS).  The  CWBS  is  the  focal 
point  for  planning  the  effort  to  be  expended,  establishing  controls,  and  developing 
the  cost  collection  structure.  It  provides  a means  of  integrating  schedule  and  cost 
performance  measurement,  as  well  as  providing  a logical  method  to  summarize 
performance  data  for  reporting  purposes.  In  developing  the  cost  proposal  and 
Master  Schedule,  the  appropriate  CWBS  elements  were  selected  and  quoted  for  each 
contract  line  item  and  option. 

The  CWBS  contains  end-item  hardware  and  service  elements.  When  these  end-items 
are  combined  with  functional  effort  (design,  test,  fabrication,  etc.),  cost  accounts 
are  created  which  are  the  basis  of  the  LMSC  cost  accumulation  structure.  This  is 
done  by  preparing  a matrix  with  the  CWBS  elements  on  one  axis  and  the  performing 
organizations  on  the  other.  After  analysis  of  the  task  statements,  a determination 
of  those  organizations  required  to  perform  work  on  a CWBS  element  is  made,  and 
the  intersection  marked  to  Identify  a cost  account. 

The  cost  accoimts  derived  from  the  CWBS  serve  as  a basis  for  schedule  planning  and 
control.in  addition  to  establishing  the  cost  collection  structure. 

3. 2. 1.3. 2 EngineerlngA'echnical  Labor.  The  Summary  Task  Assignment  Technique 
(STAT)  provides  weekly  labor  performance  reports  via  an  IBM  3B0-65  computer. 

This  system  is  designed  to  provide  a planning  and  performance  measurement  tool 
for  labor  hours  to  the  first  supervisory  level  in  areas  where  technical  tasks  are 
performed.  Typical  are  such  areas  as  system  design,  test  operations,  and  quality 
engineering.  Iiqjut  to  the  system  is  initiated  (Fig.  3-2)  by  the  supervisor  of  the 
performing  group.  This  input  identifies  the  task  described  to  organization,  contract, 
function,  and  CWBS  (cost  account).  The  inputs  must  be  made  before  work  can  commence 
so  that  charges  can  be  accepted.  These  data  are  established  in  the  computer  master 
file  against  which  actual  expenditures,  extracted  from  the  payroll  accounting  computer 
system,  are  compared. 

The  STAT  System  provides  reports  at  the  performing  level  and  summaries  at 
supervisory  and  managerial  levels;  these  reports  provide  a basis  for  variance  analysis 
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and  corrective  action  determination.  Markup  of  these  reports  may  also  be  used  to 
make  program  authorized  changes  to  the  data  held  in  the  computer  master  file. 

® Hg^ware  Manufacturing.  The  Integrated  Manufacturing  Control  System 
(IMCS)  provides  a special  computer  system  which  measures  a manufacturing  effort 
for  production  work  identified  on  shop  orders  and  tool  fabrication  effort  identified  on 
tool  orders.  This  system  produces  weekly  reports  which  provide  the  Manufacturing 
organization  with  the  visibility  needed  for  corrective  action  and  variance  analysis. 

Material  and  Subcontract.  The  Schedule/Cost  Accumulation  Reporting 
and  Evaluation  (S/CARE)  System  is  designed  as  a monitoring  and  measuring  tool 
for  material  and  subcontract  costs  and  provides  for  traceability  of  these  coats  from 
the  time  of  defining  and  budgeting  tho  resources  until  the  material  is  issued  to  the 
user.  The  data  processing  is  via  an  IBM  360-65  computer  that  draws  basic  information 
from  several  existing  subordinate  material  management  and  financial  computer  systems. 

3, 2. 1.4  Planning  and  Budgeting 

This  section  covers  the  scheduling  system  and  its  relation  to  the  CWBS,  the  methods 
used  in  budgeting  and  establishing  reserves,  and  tho  methods  used  to  authorize  work. 

3.2.1.4.1  Schedule  Control.  The  scheduling  system  established  for  Phase  H meets 

the  requirements  to  Identify  and  monitor  controUlng  program  mUestones  and  to 
ensure  that  all  elements  of  the  program  are  properly  planned,  coordinated,  and 
implemented.  The  primary  objective  of  schedule  control  is  to  ensure  delivery  of 
all  contract  elements  on  time  and  within  cost. 

The  operations  required  to  achieve  this  objective  are  as  foUows: 

• of  the  Program  Master  Schedule 

• Preparation  of  individual  detailed  schedules 

• Statuslng  of  the  schedules  in  conjunction  with  cost 
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• Identification  and  followup  of  actions  required  to  maintain  schedule, 
cost,  and  performance  objectives 


The  five  key  tools  of  schedule  control  are: 

• Contractor  Management  Milestones.  Integration  of  key  events,  relationships, 
and  milestones  for  operating  schedules  (these  items  arc  oriented  to  the 
maximum  extent  possible  to  CWBS  elements  for  cost-schedule  correlation). 

• Master  and  Supporting  Schedules.  Approved  schedules  for  all  levels  of 
operation  as  required  to  achieve  effective  visibility  and  maintain  program 
continuity. 

• Interface  Schedules.  Documentation  of  all  interfacing  activity  for  monitoring 
. the  status  of  hardware,  software,  and  management  interface  for  all  Teal 

Ruby  Phase  II  activity.  _ _ 

• Performance  Status.  Weekly  reports  to  LMSC  Management  and  a monthly 
Contract  Funds  Status  Report  to  the  Government,  using  schedule-generated 
measurement  information  as  the  basis  for  assessment  of  performance. 

• Schedule  Status.  Weekly  reviews  of  Phase  n schedule  and  cost  status, 
assessing  all  activity,  and  identifying  corrective  action  requirements. 

3. 2. 1.4. 2 Program  Manager  Schedule.  The  Teal  Ruby  Experiment  scheduling  effort 
began  with  analysis  of  the  data  package  provided  LMSC  at  the  DARPA  bidders  briefing. 
Major  program  milestones  were  identified  and  were  incorporated,  along  with  other 
significant  supporting  activities  and  events,  into  the  proposed  Teal  Ruby  Master 
Schedule.  This  schedule,  which  was  furtlier  refined  during  Phase  I of  the  program, 
gives  an  overview  of  the  schedule  plan  for  accomplishment  of  the  Phase  n Teal  Ruby 
Program  over  a 45  month  period,  considering  the  Government  required  minimum 
post- launch  operating  life. 

3. 2. 1.4. 3 Supporting  Schedule.  Immediately  after  contract  award,  the  Teal  Ruby 
Master  Schedule  will  be  updated  to  reflect  final  contract  negotiations  and  will  be 
disseminated  to  all  concerned  organizations.  Program  task  leaders  will  revise  their 
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detailed  task  operating  schedules  to  conform  to  the  overall  program  schedule  and 
resubmit  the  detail  schedules  to  the  Teal  Ruby  Program  Office  to  become  a part 
of  the  task  work  authorization  documentation.  These  task  level  operating  schedules 
become,  in  essence,  the  program  time  budget  baseline  and  act  as  tools  tor  detailed 
monitoring  of  program  progress.  Emphasis  in  establishment  and  maintenance  of 
detailed  scheduling  will  initially  be  placed  upon  the  activities  of  detail  design,  sub- 
contract planning,  and  support  planning.  This  will  be  followed  by  long-lead  item 
ordering  and  detailed  programming  of  all  procurement,  fabrication,  assembly,  and 
test  operations  as  these  become  near- time  events.  Constant  reconciliation  and 
integration  of  detailed  schedules  will  be  performed  at  weekly  program  office  meetings. 

3. 2. 1.4. 4 Control  and  Reporting.  The  primary  objective  of  schedule  control  is  to 
ensure  delivery  of  all  elements  of  the  program  on  time.  The  schedule  control  to  be 
established  for  the  Teal  Ruby  Experiment  meets  this  objective  by  identifying  and 
monitoring  the  program 's  controlling  milestones  and  by  ensuring  that  all  elements 
of  the  program  are  properly  planned,  coordinated,  and  implemented.  The  Master 
Schedule  and  all  lower  level  operating  schedules  will  utilize  symbols  which  readily 
indicate  status  against  plan  and  display  a historical  record  of  schedule  changes. 

These  data  will  be  used  to  continuously  evaluate  technical  accomplishment  and  the 
present  status  of  each  program  activity.  Continuous  monitoring  of  detailed  schedules 
by  Cost  and  Schedule  Control  assures  that  all  task  leaders  are  working  to  a common 
schedule  and  minimizes  the  possibility  of  unilateral  changes  or  incorrect  schedule 
interpretation. 

3. 2. 1.4. 5 Program  Reviews.  Two  major  schedule  control  and  review  operations  will 
be  used  to  maintain  progress  against  schedules  and  budgets:  weekly  meetings  con- 
ducted by  the  Teal  Ruby  Program  Manager  will  consist  of  detailed  examination  of 
technioal,  operational,  and  cost/schedule  activities  leading  to  completion  or  delivery 
of  each  item  of  system  documentation,  experiment  hardware,  support  hardware,  and 
support  services.  These  weekly  meetings  will  be  attended  by  all  task  leaders  and 
members  of  management  iimking  up  the  Teal  Ruby  team.  Data  presented  will  be 
augmented  by  information  residting  from  monitoring  of  the  technical  objectives  by 

the  Program  Manager  and  task  leaders,  and  by  information  obtained  through  daily 
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operations  of  the  Assistant  Program  Manager,  Program  Controls,  who  will  supplement 
all  status  reviews  with  Independent  and  continuing  analyses  of  schedule  and  budget 
conditions.  The  monthly  program  management  review  will  consist  of  a formal  review 
of  all  program  conditions  presented  by  the  Program  Manager  to  senior  management 
of  the  Research  and  Development  Division  and  LMSC  general  management.  This 
meeting  provides  a direct  reporting  of  all  critical  facets  of  the  Teal  Ruby  Program 
to  controlling  senior  management,  ensuring  that  problem  areas  -equlring  top-level 
consideration  are  reviewed  In  depth.  Data  from  the  program  management  controls 
will  be  the  major  soimce  of  information  presented  for  review  at  these  meetings. 

Overall  cost  and  schedule  status  will  be  evaluated  and  critical  areas  highlighted. 
Estimated  final  cost  will  be  reviewed  carefully  in  conjunction  with  contract  price 
and  estimated  variance.  The  status  of  overall  technical  performance  and  the  attain- 
ment of  program  objectives  wlU  be  similarly  reviewed. 

3. 2. 1.4. 6 Configuration  Control  Board.  The  Teal  Ruby  Program  Manager  estab- 
lishes and  directs  a Configuration  Control  Board  (CCB)  composed  of  representatives 
from  all  program  organizations.  Each  member  of  the  committee  is  empowered  to 
make  schedule  and  support  commitments  for  his  organization.  The  CCB  is  re- 
sponsible for  ensurir.g  that  the  UMSC  design,  planning,  material,  tooling,  procure- 
ment and  manufacturb^  efforts  are  directed  toward  completion  within  schedule  for 
each  identified  program  task. 

Lower-level  schedules  are  conditionally  approved  by  the  Program  Office  and  the 
responsible  program  organization.  Next,  the  CCB  reviews,  evaluates,  and  establishes 
individual  commitment  dates  for  major  activities.  Progressively  lower-level  schedules 
will  be  revised  and  approved.  The  commitment  dates  are  recorded  and  distributed  to 
all  affected  organizations.  Cost  and  Schedule  Control,  in  dally  reviews  of  Phase  n 
activities,  will  ensure  that  program  decisions  and  schedules  are  aco^  nplished  in  a 
timely  manner, 

3. 2. 1.4. 7 Engineering  Release.  At  commencement  of  detail  engineering  design,  the 
Configuration  Control  Board  verifies  that  the  engineering  product  is  provided  as 
committed  in  the  original  plans,  participates  in  release  of  engineering  data  to  Materiel 
and  Manufacturing  organizations,  sig}ports  configuration  control.  Project  Engineering 
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prepares  drawings  and  schedules  the  release  of  completed  engineering  In  packages, 
each  of  which  Is  Identified  with  a pre-asslgned  engineering  job  niunber.  This  number 
is  reflected  on  an  Engineering  Job  Release  Ticket,  and  is  used  for  subsequent  tracking 
and  monitoring  of  schedule  completion.  Engineering  release  Is  accomplished  by  the 
Data  Control  Unit. 

3. 2. 1.4. 8 Budget  Allocatton/Authorlzatlon.  Upon  contract  award,  the  Teal  Ruby 
Program  Manager  Is  notified  by  R&DD  Contract  Administration,  who  also  provide  an 
appropriate  contract  notification  to  R&DD  Financial  Operations  covering  total  contract 
resource  allocation. 

3.2. 1.4.9  Management  Authorization.  Upon  notification  of  contract  award,. a Scope 
Work  Order  Is  prepared  by  R&DD  Financial  Operations  to  authorize  the  Program  Manager 
to  commence  budget  allocatlon/authorlzation.  These  documents  provide  the  following 
information:  contract  number,  work  order  number,  customer  and  location,  period  of 
performance,  authority  for  issuance,  and  a description  of  the  work  to  be  performed, 
including  breakdown  by  negotiated  Contract  Work  Breakdown  Structure. 

3.2.1.4.10  Program  Manager  Authorization.  Upon  receipt  of  management  authorization, 
the  Program  Manager,  with  the  assistance  of  Cost  and  Schedule  Control,  allocates  the 
authorized  resources  to  major  cost  elements  (labor,  material,  etc.),  and  establishes 

a management  reserve.  When  this  is  accomplished,  a Resource  Allocation  Notice 
(RAN)  (Fig.  3-3)  is  prepared  for  each  organization  to  allocate  contract  budget  by  cost 
element.  After  negotiation  with  the  affected  organizations,  approval  signatures  are 
obtained  and  the  RANs  are  released  to  the  responsible  cost  account  managers  to 
time-phase  the  allocated  budget. 

3.2.4. 11  Management  Reserve.  Management  reserve  is  that  portion  of  contract 
resources  withheld  from  the  total  contract  cost  for  contingency  purposes.  The  total 
management  reserve  Is  the  difference  between  the  total  authorized  contract  cost  and 
the  siun  of  the  Internal  budgeted  costs.  Management  reserve  is  established  prior  to  the 
allocation  of  the  balance  of  the  negotiated  resources  and  is  controlled  by  a Management 
Reserve  Ledger  with  all  transfers  authorized  by  the  Program  Manager. 
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RESOURCE  ALLOCATION  NOTICE  (RAN)  DATE: 


From: 

To: 

Program: 

Program  Start  Date: 

Totk: 

Brief  Description: 

Bid  Date: 

WO/WA  Charge  Numbers 

Cost  Elentents  Amounts 

Hours 

Dollars 

Total  Amounts: 

Approvals: 

Program  Manager 

Date 

R&DD  Financial  Operations 

Dote 

Program  Controls 

Date 

Responsible  Organizotion 

Dote 

Prepared  by: 

Name 

Orgonization 

Fig,  3-3  Resource  Allocation  Notice  (RAN) 
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3.2.1.4.12  Cost  Account  Management.  Each  cost  account  manager  maintains  technical 
and  administrative  control  of  his  assigned  cost  accoimts.  Detail  charge  numbers  are 
opened  and  cloned  as  required.  Responsible  cost  account  managers  ensure  compliance 
with  the  following  rules: 

• Retroactive  changes  to  work  performed  that  would  change  previously  reported 
actual  coats  or  time-phased  budgets  are  prohibited  except  for  correction  of 
errors. 

• Work  will  not  be  transferred  between  organizations  or  cost  accounts  without 
transferring  the  associated  budget. 

• Budget  assigned  for  a specific  task  will  not  be  used  to  perform  another  task, 

• Any  proposed  change  to  the  total  allocation  for  a cost  account  requires 
, notification  of  the  Teal  Ruby  Program  Office. 

3. 2. 1.5  Accounting 

The  LMSC  accounting  system  provides  for  adequately  recording  all  direct  and  indirect 
costs  applicable  to  the  contract.  Such  costs  are  directly  summarized  from’the  level 
at  which  they  are  applied  to  the  contract  level  through  both  the  Contract  Work  Breakdown 
Structure  and  functional  organlzaticm  structures  in  accordance  with  procedures  accept- 
able to  the  Defense  Contract  Audit  Agency  (DCAA). 

3. 2. 1.5.1  Applied  Direct  Costs.  Direct  labor  costs  are,  without  exception,  applied  to 
work  in  process  as  and  when  used.  Material  costs  are  applied  in  one  of  two  ways: 

(1)  when  material  is  purchased  directly  for  the  contract,  it  is  recorded  at  the  time 
the  material  is  received,  normally  within  less  than  60  days  of  the  time  of  use;  (2) 
material  purchased  through  inventory  is  recorded  as  applied  cost  when  the  material 
is  withdrawn  for  use.  This  is  a part  of  the  existing  LMSC  accounting  and  recording 
system. 

3. 2. 1.5. 2 Indirect  Costs.  Indirect  costs  are  recorded  as  actual  costs  based  on  the 
current  projected  overhead  rate  approved  by  DCAA  and  Air  Force  Plant 
Representative's  Office.  Any  difference  between  projected  and  applied  overhead 
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rates  Is  adjusted  on  a periodic  basis,  consistent  with  DCAA-accepted  procedures. 

The  primary  budget  control  for  overhead  costs  is  administered  through  company-wide 
procedures.  This  system  provides  budgets  and  performance  reporting  for  all  elements 
of  controllable  overhead  for  each  organization,  with  responsibility  for  control  assigned 
to  the  respective  organization  manager,  regardless  of  the  Government  contract  involved. 


3. 2. 5. 5. 3 Other  Direct  Costs.  Budget  for  computer,  travel,  reproduction,  and 
purchased  services  will  be  assigned  at  the  contract  level. 


3. 2. 1.6  Analysis 


3. 2. 1.6.1  Internal  Repcrts.  Cost  account  budget  and  actual  cost  status  is  collected 
ahd  presented  to  the  affected  levels  of  LMSC  management/supervision  on  both  a weekly 
and  monthly  basis  by  thp  various  existing  financial  systems.  This  information  is  used 
to  maintain  timely  control  of  on-going  program  effort.  Weekly  reporting  is  based  upon 
scheduled  versus  actual  starting  and  completion  milestones.  This  information  is 
available  to  supervision  and  management,  who  in  turn  are  then  able  to  evaluate  the 
schedule  position  of  assigned  work  tasks  from  aggregated  data.  This  position  infor- 
mation is  used  by  cost  account  managers  for  comparison  against  actual  expenditures. 
Thus,  timely  corrective  action  can  be  taken  to  eliminate  or  improve  out-of-tolerance 
program  performance  conditions  at  the  level  where  work  is  actually  being  performed. 

3. 2. 1.6. 2 Government  Reporting.  The  cost-type  CDRL  report  which  LMSC  plans  to 
submit  to  the  Government  is  the  Contract  Funds  Status  Report.  This  report  will  provide 
the  required  financial  information  at  the  second  level  of  the  contract  work  breakdown 
structure  on  a monthly  basis. 


The  narrative-type  CDRL  report  which  will  be  submitted  is  the  R&D  Status  Report. 
This  report  provides  a description  of  progress  during  the  reporting  period,  a 
description  of  major  items  purchased  or  constructed  during  the  period,  a summary 
of  personnel  manning  changes,  information  derived  from  meetings  and  trips  during 
the  period,  a summary  of  problems  or  areas  of  coneern  and  statements  relative  to 
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the  apparent  suffieiency  of  contractual  effort  to  achieve  contract  objectives. 


5 


5 


3, 2. 1.7  Revisions  and  Access  to  Data 


3. 2. 1.7.1  Customer  Directed  Changes.  The  value  of  such  changes  is  evaluated  jj 

initially  by  (or  throu^)  the  Configuration  Control  Board  representatives  in  conjunction  p 

with  the  preliminary  programming  of  an  engineering  job  package  describing  the  change.  j| 

The  estimated  cost  and  budget  requirements  are  recorded  in  a design  change  board 
commitment  document. 


Financial  Operations  and  the  Teal  Ruby  Program  Office  review  and  determine  the 
necessity  for  or  desirability  of  establishing  separate  charge  numbers  and  cost  ac- 
cotmts  for  the  added  effort,  and  the  Program  Office  identifies  the  interim  budget  to  be 
allocated.  Responsible  organizations  follow  the  same  procedure  to  process  the  change 
as  in  originally  established  budgets.  Following  definltlzation  (final  price  negotiation), 
the  interim  budgets  are  adjusted  as  required  by  the  same  documentation  procedure 
previously  described. 


3. 2. 1.7. 2 In-Scope  Changes.  Budget  requirements  for  significant  in-scope  changes 
will  be  established  by  generally  the  same  process  as  described  for  customer-directed 
changes;  however,  the  Teal  Ruby  Program  Office  will  determine  the  source  of  budget 
from  either  management  reserves  or  internal  replanning  processed  through  management 
reserves. 

3.2. 1.7.3  Access  to  Data.  The  Government  Contracting  Officer  and  his  duly  authorized 
representatives  will  be  provided  access  to  all  of  the  foregoing  information  and  supporting 
records  as  required. 


The  Teal  Ruby  Program  Manager  will  conduct  contract  status  review  meetings,  when 
requested,  during  the  contract  period,  for  the  purpose  of  providing  the  Government 
with  the  latest  Information  available  on  the  progress  of  the  Teal  Ruby  Program.  The 
Program  Manager  will  assist  the  Government  in  the  preparation  of  the  agenda  for  these 
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meetings  and  will  prepare  a report  subsequent  to  meeting  completion,  detailing 
identity  and  responsibility  of  attendees,  subjects  and  items  discus  ed,  problem  areas, 
ana  resulting  decisions,  actions  to  be  taken  and  to  whom  assigned,  and  schedule  for 
completion  of  all  action  items. 

3.2.2  Technical  Performance  Evaluation 


f 

LMSC  will  institute  technical  performance  evaluation  to  ensure  the  effectiveness  of 
task  accomplishment  and  the  attainment  of  system  performance  requirements  and  goals. 

From  the  standpoint  of  effectiveness  of  task  accomplishment,  evaluation  is  accomplished 
at  three  levels: 


1. '  The  Program  Manager,  Chief  Systems  Engineer,  and  Assistant  Program 

Managers  give  day-to-day  direction  and  evaluation  through  active,  direct 
participation  in  the  work,  and  through  direct  and  frequent  contact  with  the 
critical  subcontractors. 

2.  The  LMSC  R&DD  Vice  I’resident  conducts  formal  meetings  every  2 weeks  to 
review  program  technical,  schedule,  and  cost  status.  These  reviews  are  fre- 
quently attended  by  the  LMSC  President  and  Executive  Vice  President  as  welt. 

3.  Monthly  R&D’J  program  status  meetings  are  conducted  for  the  LMSC 
President  to  v-valuate  the  progress  against  program  objectives  and  contractual 
requirements. 

In  the  event  of  any  deviation  from  planned  progress,  corrective  action  is  immediately 
instituted  at  any  of  the  three  levei.s. 

Evaluation  of  attainment  of  system  performance  requirements  and  goals  entails  the 
establishment  of  technical  performance  parameters  for  tracking,  and  assessment  of  jl 

design  adequacy,  reliability,  maintainability,  safety,  and  the  probability  of  ultimate  n 

system  performance  realization  against  these  parameters.  Design  adequacy  is  measured  ;| 

in  terms  of  performanoe/risk  tradeoffs,  comparison  of  performance  improvements 
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against  cost  increases  and  schedule  extensions,  and  compliance  with  overall  system 
performance  requirements.  Assessment  of  design  adequacy  in  terms  of  schedule, 
cost  and  technical  performance  will  be  made  against  common  elements  of  the  CWBS. 


Technical  performance  evaluation  will  be  Implemented  by  the  Chief  Systems  Engineer, 
who  will  evaluate  program  progress  weekly,  tabulate  it  against  the  selected  technical 
performance  parameters,  identify  variances,  and  present  the  results  to  the  Program 
Manager.  Overall  impacts  on  the  technical  program  will  be  highlighted,  and  action  items 
and  due  dates  will  be  assigned  to  the  engineering  manager  responsible  to  accomplish  the 
necessary  corrective  action.  Items  beyond  the  purview  of  the  Chief  Systems  Engineer 
will  be  brought  to  the  attention  of  the  ^proprlate  level  of  management  at  the  reviews 
described  above  for  Initiation  of  corrective  action. 

3.2.3  Risk  Management 

The  objective  of  the  Teal  Ruby  Experiment  risk  management  activity  is  to  minimize 
overall  technical,  schedule,  and  cost  risks  to  achieving  sensor  system  goals.  This 
objective  will  be  implemented  during  the  Phase  n program  by  planning  and  managing  the 
contract  tasks  to  achieve  a successhil  sensor  system  within  the  assigned  schedule  and 
cost  constraints.  Tlie  risk  management  process  to  be  used  in  the  program  is  shown  in 
Fig.  3-4. 

During  the  course  of  the  program,  the  Chief  Systems  Engineer  and  the  Assistant 
Program  Manager  for  Program  Controls  will  study  the  baseline  system  and  appropriate 
alternate  concepts  to  identify  the  risks  associated  with  achieving  system  requirements. 
As  risks  are  identified,  they  will  be  evaluated  against  the  program  requirements.  The 
type  of  analysis  performed  will  depend  on  the  risk  identified  and  can  include  tradeoffs, 
deslg*^  improvement  investigations,  conduct  of  tests,  or  cost  and  schedule  variance 
analyses.  Solutions  will  be  proposed  and  presented  to  the  Teal  Ruby  Program 
Manager  for  review  and  approval  prior  to  implementation. 
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3.2.4  Configuration  and  Data  Management  Plan 

3. 2. 4. 1  Introduction  and  Purpose.  This  Configuration  and  Data  Management  Plan 
(Draft)  for  the  Teal  Ruby  Experiment  Program  sets  forth  the  approach  and  methods 
for  configuration/data  management  and  control  which  LMSC  will  implement  during 
Phase  H.  Procedures  for  change  control  and  implementation  are  outlined.  Directed 
or  negotiated  changes  will  be  incorporated  as  requested. 


The  basic  objectives  of  LMSC  configuration  management  for  Phase  n are; 


• Accurate  and  compatible  configuration  identification  consisting  of  specifications, 
drawings,  Interface  control  doctiments,  test  plans  and  procedures.  - 

• ' Continual  control  of  configuration  identification  throughout  all  program  phases. 

• Verification  that  released  engineering  dociunents  properly  respond  to  contract 

requirements;  that  the  manufactured  configuration  corresponds  to  the  latest  ; 

released  design  baseline.  1 1 

• Continuous  recording  of  engineering  document  and  hardware  compliance  status.  1 1 

• Application  of  configuration  and  data  management  constraints  on  subcontractors  ! i 

1 J 

and  suppliers  commensurate  with  their  degree  of  program  participation.  i 


3. 2. 4. 1.1  Scope.  This  plan  covers  Phase  II  of  the  Teal  Ruby  Experiment  Program 
as  presently  defined.  The  plan  provides  for  implementation  of  a sound  configuration/ 
data  management  control  system  structured  to  meet  the  requirsments  of  the  Teal  Ruby 
Experlmeiit. 

3.2.4. 1.2  Application.  This  plan  is  an  integral  portion  of  the  Teal  Ruby  Phase  II 
Program  Management  Plan  and  as  such,  provides  the  policy  and  methods  LMSC  will 
employ  in  this  area  on  the  Phase  H contract.  Further  submittals  of  and  revisions  to 
this  plan  will  be  made  in  consonance  with  the  requirements  placed  upon  the  manage- 
ment plan. 
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plicable  Documents.  Documents  which  will  direct  and  influence  this 


plan  are; 


MIL-STD-483 
MIL-STD-IOOB 
MIIr-D-lOOOA 
MIL-S-83490 
LMSC-CODE  SO 


Configuration  Management  Practices 
Engineering  Drawing  Practices 
Drawings,  Engineering  and  Associated  Lists 
Specifications,  Types  and  Forms 
R&D  Division  Drafting  Manual 


3. 2. 4. 2 Organization  and  Responslbllittes.  ITie  Teal  Ruby  Program  Manager  is 
responsible  for  overall  program  activities  including  configuration  and  data  management. 

A Configuration  Control  Board  authorizes  and  controls  engineering  ehanges.  ■ A 
Configuration  and  Data  Management  Officer  (CMO),  v/ho  is  responsible  for  the  configura- 
tion and  data  management  program,  reports  to  the  Assistant  Program  Manager, 

Program  Controls.  The  CMO  chairs  the  Configuration  Control  Board  and  is  responsible 
for  program  directives,  procedures.  Implementation  of  configuration  management 
activities,  including  those  applicable  to  suppliers,  and  supporting  reviews  and  audits. 

For  coo^inating  the  configuration  management  activities  of  Systems  Engineering, 
Spacecraft  Integration  and  Interface  Management,  Product  Assurance,  Subcontract 
Management,  and  Suppliers,  the  CMO  has  the  authority  of  program  management  to 
draw  upon  other  appropriate  personnel  from  R&D  Division  support  groups  to  carry  out  his 
assigned  functions.  The  CMO  is  responsible  for  the  following  functions: 


Configuration  Identification.  Ensure  the  proper  documentation  of  requirements 
for  the  Teal  Ruby  Experiment  Program  is  reflected  in  the  Payload  Design 
Specification  and  engineering  documentation. 

Configuration  Control.  Analyze  and  monitor  engineering  milestone  events 
for  the  release  of  engineering  documentation.  Control  changes  in  engineering 
documentation,  and  maintain  records. 
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• Status  Accounting.  Provide  management  information  reports  for  the  status  of 
engineering  documentation.  Provide  change  status  reports  on  Engineering 
Change  Prc^osals.  Conduct  physical  configuration  audits  to  verily  that  no 
differences  exist  between  the  technical  data  package  and  the  Qualification  Model 
and  Flight  Model. 

• Data  Control.  Ensure  that  all  engineering  documents  are  released.  Provide 
status  of  engineering  documents,  prepare  reports,  prepare  indented  and 
numerical  parts  lists.  Forward  documents  to  the  customer  for  approval; 
maintain  status  of  documents  approved. 

• End  Item  Data  Package.  Prepare  the  program  data  package  for  review, 
approval  and  delivery. 

The  LMSC  Research  and  Development  Division  (R&DD)  has  an  established  set  of 
policies  and  procedures  designed  to  effect  a uniform  engineering  process  for  preparation 
and  control  of  engineering  documentation.  These  instructions  include  formal  methods  to 
be  used  for  the  operation  of  configuration  identification,  control,  and  status  accounting 
for  management  of  data.  Table  3-3  lists  these  documents. 

3. 2. 4. 3 Configuration  Management  Plan.  Forty-five  days  after  receipt  of  the  Teal 
Ruby  Phase  U contract,  this  section  of  the  Program  Management  Plan  will  be  revised 
to  precisely  Identify  scheduled  milestones  and  deliverable  data  items,  and  to  define 
the  methodology  for  satisfying  these  requirements.  This  plan  will  identify  the  effort 
associated  with  maintaining  a program  during  the  contract  and  will  emphasize  the 
configuration  control  and  audit/verification  tasks. 

3. 2. 4. 4 Baseline  Identification.  Preliminary  and  final  baselines  will  be  established 
for  the  Teal  Ruby  Qualification  Model  and  Flight  Model.  After  successful  completion 
of  the  Critical  Design  Review,  the  top  document  for  each  baseline  will  be  the  Payload 
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Table  3-3 

CONFIGURATION  AND  DATA  MANAGEMENT 
POLICIES  AND  PROCEDURES 


Scheduling 
Prc^irletary  Data 
Design  Reviews 

Engineering  Design  Documentation  Standards 

Configuration  Management 

Data  Management 

Integrated  Logistics  Support 

System  Engineering  Management 

Configuration  Control  Board 

Protection  of  Engineering  Documentation 

Assignment  of  Drawing  and  Document  Numbers 

Preparation  and  Processing  of  Specifications 

Assignment  of  Engineering  Job  Numbers 

Design  Data  Release  Categories 

Engineering  Orders 

Liaison  Engineering  Orders 

Design  Change  Request 

Engineering  Change  Proposals 

Design  Reviews  and  Audits 

Assignment  of  Configuration  Item  Numbers 

Supplier  Data  Management 

System  Engineering  Documents,  Preparation, 
Status,  Release  and  Custody  of 


Procedure 
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Configuration  Specification  and  the  related  engineering  documents  released  prior  to 
fabrication  and  assembly.  As  each  baseline  is  reached,  a separate  Indented  Parts 
List  (IFL)  will  be  prepared  Identifying  the  component  parts  and  materials  within  the 
two  models. 

Engineering  drawings  will  be  prepared  in  accordance  with  MIL-STD-IOOB  and 
MIL-D-IOOOA,  Level  2,  using  the  Lockheed  R&DD  Drafting  Manual  which  fully  complies 
with  these  standards.  All  commercial,  ofi-lhe-shelf  parts  will  be  identified  with  the 
vendor's  part  number  and  code  identification  number.  The  R&DD  Data  Control  Unit 
has  selected  a block  of  document  nmnbers  for  the  Teal  Ruby  Experiment  Program. 
These  numbers  are  recorded  .and  assl^ed  to  engineering  documentation  by  the  Data 
Control  Unit  (DCU)  when  requested  by  the  CMC  and  his  staff.  Engineering  drawings  will 
be  prepared  to  meet  the  reproducibility  and  legibility  standards  required  for  first 
generation  microfilming. 

All  internal  and  LMSCA)oD  design  reviews  will  be  attended  by  the  Configuration 
Management  Officer  to  ensure  that  documentation  is  available  and  correct  for  the 
reviews.  The  approval  of  documents  will  be  noted  and  documented  in  the  minutes  kept 
by  the  Program  Office  and  submitted  as  part  of  the  design  review  reports. 

As  a result  of  the  Critical  Design  Review,  hardware  baselines  will  be  established 
documenting  the  ccnflguratlon  of  the  Qualification  Model  and  Flight  Model.  The  base- 
lines will  be  documented  using  the  Indented  and  Numerical  Parts  Lists  (IPL  and  NPL), 
Figs.  3-5  and  3-6 . The  IPL  and  NPL  will  establish  the  hardware  piece  part  and 
material  identities.  The  Project  Document  Status  Report  (Fig.  3-7)  identifies  all 
dociunents  released  and  their  revision  status. 

LMSC  will  assign  serial  niunbers  to  major  items  and  critical  items  with  limited  life. 
These  numbers  will  be  identified  on  the  IPL.  Interface  Control  Documents  will  be 
prepared  by  Engineering  to  establish  and  define  integration  and  interfaces  between  the 
subsystems,  sensor  system,  and  the  spacecraft.  This  documentation  will  be  submitted 
for  approval  20  days  prior  to  CDR. 
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Fig.  3-5  Indented  Parts  List 
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Fig.  3-6  Numeric  Parts  List 


Fig.  3-7  Project  Document  Status  Report 
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3. 2. 4. 5 Configuration  Control.  Configuration  control  will  be  demonstrate  through 
the  use  of  engineering  change  methods  and  procedures  described  herein.  These  con- 
trol methods  are  employe  throughout  the  detail  design  phase  to  ensure  that  effective 
change  control  Is  employed  and  that  changes  requiring  management  ^proval  are  identlfie 
as  sucli  and  receive  proper  action. 

The  process  for  approval  and  release  of  engineering  documentation  Includes  such 
actions  as: 

• Establish  the  timetables  for  release  of  engineering  packages  and  for  actions 
necessary  to  translate  these  drawings  Into  the  end- item  product. 

• Establish  detailed  schedules  for  completion  of  activities  in  acquiring  purchased 
equipment  items  and  related  procedure  data. 

Change  control  described  immediately  above  will  be  exorcised  primarily  hy  the  Teal 
Ruby  Change  Control  Board  (CCB),  the  Program  Manager,  and  by  the  customer  who 
has  final  approval  of  changes  to  contract- identified  baseline  documents.  The  Configura- 
tion and  Data  Management  Officer  {CKO)  and  representatives  of  functional  groups,  who 
are  CCB  members,  have  responsibility  and  authority  to  commit  their  organizations' 
responses  to  CCB  declsiOTis.  The  responsibilities  of  the  CCB  and  its  members  will  be: 

• Establish  tlie  timetable  for  release  of  engineermg  packages  and  for  actions 
necessary  to  translate  these  drawings  into  the  end- item  products. 

• Review  and  determine  the  need  for  ehange  to  original  design  or  configuration, 
e Determine  the  total  impact  of  the  change 

• Approve  the  submission  of  change  proposals  to  the  customer. 

• Approve  changes  that  do  not  require  contractual  approval. 
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All  engineering  drawings  and  specilications  require  approval  before  release.  The 
approval  cycle  will  be  initiated  by  ordering  check  prints  of  engineering  documents 
to  be  released  and  forwarding  them  to  the  check  group. 

All  engineering  drawings  and  specifications  will  bo  checked  for  conformance  to  the 
R&DD  Drafting  Manual  prior  to  release  for  fabrication  or  procurement  of  material. 

The  documentation  will  be  checked  for  form,  fit,  function,  design  completeness,  clarity, 
and  reproducibility. 

Check  prints  will  be  checked  and  reviewed  in  parallel  by  affected  functional  organizations. 
During  check  and  review,  the  vellums  will  be  impounded  by  the  checker.  It  is  the 
responsibility  of  the  lead  engineer  to  obtain  approvals  of  the  Quality  Assurance  engineers 
for  system  reliability,  quality,  and  safety.  After  check  and  review,  the  document 
originator  will  prepare  an  Engineering  Job  Release  Ticket  (EJRT)  (Fig.  3-8)  for  the 
engineering  package  about  to  be  released.  The  document  originals  (with  check  and 
review  comments  incorporated)  and  the  EJRT  will  receive  approval  signatures  and 
will  be  submitted  to  the  Data  Control  Unit  for  release.  The  final  signature  on  the 
EJRT  for  all  engineering  packages  will  be  that  of  the  CMC,  confirming  the  completeness 
of  the  package  and  providing  authorization  for  release.  (The  Data  Control  Unit  receives 
the  EJRT  and  the  engineering  package  for  release  and  coortoates  the  recording, 
reproduction,  distribution,  and  storage  of  document  originals). 

LMSC  recognizes  that  to  accomplish  configuration  change  control  effectively  requires 
systematic  documentation  of  all  proposed  and  approved  changes  that  result  in  speci- 
fication changes  and  departures  from  baseline  configuration.  The  procedures  for 
proposing  changes  subsequent  to  completion  of  Critical  Design  Review  are  described 
in  Section  3.3.1.  < 

All  LMSC-originated  design  changes  will  be  described  on  an  Engineering  Order  (EO)  form. 
In  addition,  eaeh  organization  is  required  to  prepare  supporting  documentation  identifying 
the  affected  WBS  element.  These  data  will  be  submitted  with  the  change  documentation 
through  the  CMO  to  Program  Management  (and  to  the  customer,  if  required)  for  review 
and  approval.  This  procedure  will  permit  assessment  of  the  change  in  terms  of  program 
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costs,  schedules,  and  technical  assessment.  Upon  approval  of  the  engineering  change 
package  by  management,  the  change  will  be  issued  and  released  to  the  Data  Control 
Unit  for  recording,  reproduction,  distribution,  and  storage  of  document  originals. 

Product  Assurance  will  regularly  spot-check  engineering  drawings  in  use  on  the  shop 
floor  to  verify  that  fabrication  is  being  accomplished  to  the  latest  applicable  drawing 
release.  The  revision  letter  of  the  drawing  in  use  will  be  compared  with  the  latest 
applicable  revision  letter  supplied  by  the  CMO.  In  the  event  of  conflict,  the 
engineering  drawing  will  be  Impounded  in  the  manufacturing  area,  and  the  Program 
Office  will  be  requested  to  resolve  the  discrepancy. 

Deviations.  A temporary  departure  from  the  requirements  expressed  on  contractual 
configuration  identification  documentation  necessitates  the  preparation  of  a deviation 
request.  Each  request  for  deviation  will  be  designated  as  minor,  major,  or  critical, 
and  requires  the  approval  of  the  Program  Manager.  Deviations  for  departure  from 
the  Payload  Configuration  Specification  will  be  prepared,  processed,  and  transmitted 
to  the  customer  for  approval. 

Waivers.  Items  not  conforming  to  contractual  configuration  documentation  will  be 
reviewed  by  the  Program  Manager  to  determine  whether  requests  for  waivers  should 
be  initiated,  and  are  designated  as  minor,  major,  or  critioal.  Requests  for  waivers 
will  be  prepared,  processed,  and  transmitted  to  the  customer  for  ^proval. 

3. 2. 4. 6 Status  Accounting.  The  primary  objective  for  the  application  of  a Configuration 
Accounting  System  is  to  provide  status  reporting  to  ensure  that: 

• Contractual  requirements  are  identified  and  tracked 

• Baseline  configuration  identification  is  maintained 

• Change  incorporation  is  monitored,  and  is  verified  in  en^neering  documentation 
and  end-item  hardware. 

Configuration  status  accounting  will  include  three  separate  facets:  documentation 
status  reports,  hardware  status  reports,  and  verification  of  change  incorporation. 
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Documentation  Accountability.  When  an  approved  change  Is  received  by  the  Configuration 
Management  Officer,  It  wlU  be  entered  Into  the  status  accounting  system.  As  the 
documents  are  released  or  sent  to  Data  Control  for  recording,  the  Data  Control  personnel 
will  enter  the  pertinent  Information  into  the  IMSC  on-line  data  management  computer 
system.  The  computer  system  provides  traceability  and  a tool  for  the  CMO  to  Initiate 
corrective  action  for  any  deficiencies. 

Change  Verification.  Verification  of  change  accomplishment  Is  a requirement  imposed  by 
LMSC  procedures.  A traceability  activity  accumulates  data  prepared  during  the  change 
control  process  and  verifies  that  both  internal  and  customer  approved  changes  have  been 
incorporated  In  the  hardware. 

During  the  manufacturing  process  and  the  associated  Inspection,  Product  Assurance 
will,  verify  that  the  Indented  Parts  List  hierarchy  is  Identical  to  the  articles  being 
Inspected.  This  verification  will  also  include  serial  numbers.  If  appropriate.  If  there 
are  differences.  Product  Assurance  will  be  responsible  for  transmitting  change  Infor- 
mation to  the  CMO;  the  new  information  will  be  used  to  iq>date  the  status  accounting  file. 

LMSC  will  establish  and  maintain  a system  for  accounting  and  control  of  configuration 
data  for  the  experiment.  The  Indented  and  Numerical  Parts  IJsts  will  Identify  all 
components  to  the  lowest  level,  showing  the  goes- Into  structure,  next  using  assembly, 
life  limit,  and  other  data  fields.  A change  status  report  of  changes  proposed,  those  in 
work,  and  those  completed  will  be  prepared  and  maintained. 


The  eiqieriment  configuration  will  be  verified  by  comparing  the  "as-designed"  against 
the  "as-built"  using  the  Indented  and  Numerical  Parts  Lists  and  the  Project  Documentation 
Status  Report.  The  verification  will  be  accomplished  In  conjunction  wltli  Manufacturing 
and  Quality  Assurance.  Prior  to  delivery  of  Engineering  documentation,  all  outstanding 
Engineering  Orders  will  be  incorporated  into  the  basic  documents. 

3. 2. 4. 7 Data  Control  Unit  (DCU).  A data  depository  will  be  established  for  the  Teal 
Ruby  Experiment  Program  to  provide  storage  of  all  data  that  have  been  prepared  and 
to  make  available  to  the  Program  Office  personnel  a service  which  will  ensure  that  the 
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latest  documentation  is  immediately  available.  This  will  be  accomplished  through  the 
use  of  computerized  data  release  and  distribution  records.  All  data  will  be  released 
through  the  DCU.  Periodic  computerized  tabulations  from  the  data  bank  will  be  made  to 
depict  the  status  of  data  for  in-house  use  and  for  contract  delivery. 

The  DCU  utilizes  an  advanced  computer  information-processing  system  using  real- 
time, on-line,  and  time-share  concepts  to  provide  the  capability  of  collecting  and 
displaying  data  on  request.  This  system  makes  use  of  two  IBM  370/165  computers 
which  are  coupled  with  teleprocessing  equipment  by  ordinary  telephone  lines  to  service 
remote  terminal  equipment.  Data  are  gathered  from  remote  locations  via  IBM  2740 
typewriter  terminals,  and  are  used  to  update  on-line  disc  files.  LMSC  has,  as  part 
of  the  time-share  system,  the  eapabilify  of  editing  and  formatting  the  data  entered 
remotely  into  a variety  of  record  formats,  each  suited  for  a specific  task.  LMSC 
will  use  two  programs  within  the  time-share  system  - Consolidated  Parts  List  System 
and  the  Master  Document  File  System.  These  systems  are  described  in  the  following 
paragraphs. 

Consolidated  Barts  List  Systems.  The  CPL  is  a product  data-base  system  employing, 
as  its  data  base,  engineering,  manufacturing,  material,  and  support  data.  Three  file 
structures  are  maintained  - Consolidated  Parts  Lists,  Usage,  and  Item  Identification 
Files  - as  follows: 

• Consolidated  Parts  List  File.  This  file  eontains  all  information  related  to 

an  assembly.  It  contains  parts,  quantities,  material  and  processes,  and  notes 
information  organized  to  be  updated  by  Engineering,  M.ateriel,  and  Manufacturing 
organizations  in  an  on-line,  real-time  environment.  This  file  will  be  used  to 
produce  computer-prepared  Engineering  Parts  Lists. 

• Usage  File.  This  randomly  acressiblc  file  contains  used-on  information  and 
provides,  on  request,  information  on  all  usages  of  a part  or  document  number. 
This  file  also  contains  configuration  data  such  as  model  and’effectivlty 
information,  and  will  be  used  to  produce  configuration  indentures  and  usage 
lists. 
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t Item  Identification  File.  This  file  provides  standard  Information  relative  to 
a part  of  document.  This  information,  such  as  title,  description,  code 
identification,  procurement  data,  and  engineering  notes  data,  will  be  formatted 
and  displayed  on  output  reports  for  given  part  of  document  number. 

Master  Document  File  (MDFl  System.  The  MDF  is  a proven  dynamic  document  status 


Master  Document  File  (MDFl  System.  The  MDF  is  a proven  dynamic  document  status 
system  providing  on-line,  real-time  status  information  to  the  LMSC  design,  check, 
product  assurance,  manufacturing  and  other  organizations.  All  document  status 
information,  such  as  revision  Information,  size  and  number  of  sheets  of  the  document, 
location  of  the  document,  and  changes  in  process  will  be  available  by  telephone  inquiry 
or  for  batch  report  processing  purposes. 


3. 2. 4. 8 End- Item  Data  Package.  The  CMO  will  have  the  responsibility  for  submitting 
data  to  the  customer  through  the  LMSC  Contract  Administrator  in  the  format  and 
quantities  specified  in  the  Contract  Document  Requirements  List.  The  CMO  will  also 
be  responsible  for  coordinating  answers  to  all  questions  regarding  items  of  engineering 
data  required  tor  delivery,  and  to  maintain  a complete  file  of  all  such  correspondence. 
Data  items  will  be  submitted  via  a transmittal  letter. 

3. 2.4. 9 Spares  List.  The  CMO  will  assume  the  responsibility  to  coordinate  and 
accumulate  all  critical  spares  requirements  inputs  and  prepare  a recommended 
Spares  List  for  submittal  and  negotiation  at  the  CDR.  The  input  data  will  be  entered 
into  the  existing  computerized  parts  system,  and  item  costs  will  be  appended.  The 
items  on  the  Spares  List  will  be  arranged  in  order  of  priority. 
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3.3  PROGRAM  CHANGE  CONTROL 

To  effect  program  changes  that  alter  the  requirements  of  the  Prime  Item  Specification 
for  the  TEAL  RUBY  E:q)eriment  (LMSC  5699509)  or  that  entail  changes  in  the  task 
content  not  directly  related  to  the  Prime  Item  Specification,  the  following  procedures 
will  be  applied. 

3.3.1  Engineering  Changes 

Engineering  Change  Proposals  (ECPs)  will  be  used  to  prepare,  process,  and  incorporate 
Class  I engineering  changes  to  the  Prime  Item  Specification  after  the  Critical  Design 
Review  (CDR).  ECPs  will  be  prepared  on  DD  Forms  1693  in  accordance  with 
MIL-STO-481.  Each  ECP  data  package  will  include  a Specification  Change  Notice 
(SCN)  prepared  in  accordance  with  MIL-STD-490.  Analysis  of  the  benefit  of  the 
proposed  change  in  terms  of  performance,  schedule,  or  cost  will  be  included  on  the 
ECP  form. 

3.3.2  Task  Changes 

Task  Change  Proposals  (TCPs)  will  be  used  to  prepare  and  process  changes  in  the 
Statement  of  Work,  CWBS,  or  CDRL  that  are  not  directly  related  to  the  Specification. 
AFSC  Form  217  will  be  used  to  document  the  proposed  change,  and  will  be  prepared  in 
accordance  with  Data  Item  Description  DI-A-3020  Sufficient  information  will  be 
included  to  permit  informed  decision  making  relative  to  the  proposed  change,  together 
with  the  Impact  of  the  change  on  program  schedules  .and  costs. 

Neither  ECPs  nor  TCPs  will  be  implemented  prior  to  formal  approval  by  the  SAMSO 
Contracting  Officer. 
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Section  4 

SUBCONTRACT  MANAGEMENT  PLAN 

This  section  describes  LMSC's  plan  for  management  of  the  subcontractors  in  the 
Teal  Ruby  Experiment  Phase  Q program.  The  plan  includes  a list  of  the  major  items 
to  be  subcontracted,  a brief  description  of  LMSC  procurement  planning  policies,  a 
summary  of  LMSC  source  selection  procedures , and  a description  of  the  program 
management  organization  and  controls  that  wiU  be  implemented  for  surveillance  of 
subcontract  work. 

4. 1 CRITICAL  SUBCONTRACT  ITEMS 

A list  of  the  critical  items  to  be  subcontracted  in  Phase  U is  given  in  Table  4-1. 

The  table  also  Identifies  proposed  subcontractors,  where  known,  and  shows  the 
location  at  which  the  work  will  be  performed. 


Table  4-1 

CRITICAL  SUBCONTRACTS 


Item 

Subcontractor 

Location 

Monolithic  Focal  Plane 

Hughes  Aircraft 

Culver  City,  Cal. 

Hybrid  Focal  Plane 

Santa  Barbara  Research  Center 

Goleta,  Cal, 

Optics  and  Fixed  Filters 

Perkin-Elmer 

Norwalk,  Conn. 

Hybrid  Focal  Plane 
Signal  Processing 

Gruman  Aerospace 

Bethpage,  N.V. 

Hybrid  Detector  Chips 

Rockwell  Science  Center 

Thousand  Oaks,  Cal. 

1 

I 
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A criticality  and  risk  analysis  of  these  items  has  been  performed,  and  the  results  of 
this  analysis  are  given  in  the  Reliabllify  Failure  Modes,  Effects,  and  Criticality 
Analysis  Report,  LMSC-5699521.  The  proposed  solutions  for  technical  problems  in 
these  areas  are  given  in  the  Sensor  Development  Plan  for  the  Teal  Ruby  Experiment 
Program,  Phase  II,  LMSC-5699S29. 

4.2  LMSC  DoD-APPROVED  PROCUREMENT  POLICIES 

To  manage  suppliers  and  subcontractors,  LMSC  has  a well-proven  procurement  and  sub- 
contract management  system  that  meets  all  the  requirements  of  the  Defense  Contract 
Audit  Agency.  This  system  has  been  approved  for  procurement  and  subcontracting 
authority  under  defense  co.itracts.  The  current  approval  was  grwted  by  the  Joint 
Government  i^encies  Board  (JGAB)  as  a result  of  a review  in  October  1973.  Continued 
surveillance  by  the  JGAB  since  this  review  has  resulted  in  continuance  of  this  approval. 
Within  this  complete  weU-establlshed  capability,  the  LMSC  Research  & Development 
Division  (R&DD)  selectively  applies  procedures,  criteria,  and  techniques  tailored  to 
the  needs  of  specific  programs,  such  as  Phase  II  of  the  Teal  Ruby  Experiment  Program, 

4.3  LMSC  SOURCE  SELECTION  PROCEDURES 

4.3.1  Source  Selection  Committee 

A source  selection  committee  is  appointed  to  evaluate  each  critical  or  high-risk 
item  to  be  subcontracted.  The  committee  consists  of  the  Teal  Ruby  Program  Manner, 
the  Teal  Ruby  Subcontract  Administrator  (who  serves  as  chirman) , the  cognizant 
program  engineer,  the  Quality  Assurance  representative,  and  a subcontract  price 
analyst. 

4.3.2  Selection  of  Critical  Subcontract  Items 

LMSC  gives  special  management  cmphasl:i  to  the  identiCication,  selection,  and 
performance  of  critical  and  high-risk  items  by  performing  tradeoff  studies  and  risk 
analyses  prior  to  selecting  critical  items  and  the  subcontractors  to  supply  them. 
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j Competitive  technical  approaches  are  first  identified.  Each  approach  is  then 

characterized  to  define  its  ability  to  satisfy  the  technical  requirements.  High-risk 
I areas  are  identified  for  each  approach  and  are  assessed  as  another  factor  in  totally 

defining  the  characteristics  of  each  critical  item.  Weighting  factors  are  assigned  by 
I the  appropriate  members  of  the  source  selection  committee.  The  competing  technical 

I approaches  are  compared  with  each  other  and  ranked  by  application  of  the  weighting 

j factors.  Depending  upon  the  degree  of  criticality  or  risk  Involved  and  the  relative 

i ranking  of  the  various  approaches,  the  top  one  or  two  approaches  are  selected  for 

solicitation  of  bids.  Parallel  subcontracts  may  be  issued  during  the  early  develop- 
mental phases  of  a program  when  the  risks  are  deemed  by  the  source  selection 
committee  to  be  sufficiently  high  to  warrant. 


4.3.3  Source  Evaluation  and  Preaward  Surveys 

Past  delivery  performance  and  cost  experience  of  potential  supplies  are  evaluated 
prior  to  award  to  a level  of  detail  which  Is  commensurate  with  the  complexify  of  the 
procurement  to  be  made.  Evaluations  range  from  a simple  verification  of  source 
data  on  file  to  an  extensive  survey  of  the  subcontractor's  qualifications  in  the  fields 
of  management,  technical  capability,  financial  Integrity,  qualify  assurance,  reliability, 
manufacturing,  procurement,  and  facilities.  Competitive  bids  are  solicited  wherever 
possible  in  accordance  with  Government  regulations.  In  the  case  of  major  sub- 
contracts to  be  issued,  a thorough  study,  including  on-site  evaluation  as  necessary, 
will  be  made  of  each  potential  supplier  prior  to  invitation  to  bid. 

The  Program  Manager  and  selected  members  of  the  source  selection  committee  visit 
potential  subcontractor  plants,  establish  communications  with  subcontractor's  top 
management,  and  make  an  independent  evaluation  of  their  capabilities.  Factors 
considered  include 

i ! 

j,  i • Related  program  experience 

r’  • • Capability  and  reputation  in  Industry 

• Available  facilities 

j ! ’ • Financial  capability  and  controls 

^ j » Use  of  proper  product  assurance  and  reliability  controls 
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4.3.4  Selection  Criteria 

A detailed  list  of  criteria  for  evaluation  of  each  technical,  management,  and  cost 
proposal  is  prepared  and  weighting  foctors  are  assigned.  Technical  criteria  include 
elements  related  to  the  bidder-proposed  technical  approach,  identification  and  as- 
sessment of  high-risk  areas.  Identification  and  solution  of  problem  areas , caliber  of 
personnel  assigned  to  the  program,  and  direct  or  related  experience  with  similar 
work.  The  subcontractor's  management  is  evaluated  on  its  proposed  program 
organization,  controls  to  be  applied,  reporting  contemplated,  methods  proposed  for 
identification  of  schedule  and  budget  problems  and  corrective  actions,  proposed 
schedule  and  networks,  and  past  history  of  accomplishment.  The  cost  proposal  is 
evaluated  on  the  price  proposed,  quality  of  backup  data  submitted,  budget  control 
contemplated,  and  historical  cost  performance. 

4.3.5  Selection  Decision 

After  independent  analyses  of  the  proposals  are  completed  by  technical,  subcontract, 
and  price  analysis  personnel,  the  weighted  scores  are  consolidated  into  an  overall 
rating  for  each  item,  and  the  successful  bidder  is  determined. 

4.4  CONTItOL  OF  SUBCONTRACTORS 

4.4.1  TechnioalAlanagement  Interfaces 

Subcontract  Management  Organization.  The  Teal  Ruby  Assistant  Program  Manager 
for  Subcontract  Management  is  responsible  for  providing  program  direction  to  the 
subcontracted  effort  and  for  unifying  LMSC  support. 

This  Assistant  Program  Manager  is  responsible  for  the  overall  performance  of  the 
subcontractor  and  provides  a focal  point  within  the  program  for  timely  resolution  of 
problems.  He  conducts  subcontractor  program  status  reviews  at  the  subcontraetor 
facilities  and  at  LMSC.  He  exercises  surveillance,  and  requires  the  subcontractor 
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to  identify  and  solve  problems  as  they  arise.  He  reviews  the  subcontractor  per- 
formance at  each  scheduled  milestone  and  draws  upon  program  technical  and  management 
resources  to  establish  a recovery  program  for  any  technical , schedule , or  cost  deviation 
that  might  adversely  affect  the  program. 

The  cognizant  LMSC  Technical  Monitor  is  responsible  for  establishing  the  technical 
requirements  for  the  assigned  subcontract  effort.  During  the  life  of  the  subcontract 
he  conducts  design  reviews,  coordhiates  technical  surveillance,  and  ensures  desired 
technical  progress. 

The  Teal  Ruby  Subcontract  Administrator  (SCA)  assigned  from  the  R&DD  Materiel 
organization  is  responsible  for  subcontract  negotiation  and  administration,  contractual 
direction , negotiation  of  changes , analysis  of  cost  and  schedule  reports , processing 
of  contractual  documents,  and  coordination  of  matters  requiring  contractual  direction. 


Post- A ward  Conference.  The  SCA  schedules  an  orientation  conference,  attended  by 
the  appropriate  members  of  the  Teal  Ruby  Experiment  Program  team,  with  the  sub- 
contractor. The  prcpose  of  the  meeting  Is  to  introduce  team  members  to  their 
respective  subcontractor  counterparts,  to  review  the  subcontractor  plan  for  meeting 
contract  requirements  and  objectives,  to  define  the  duties  and  responsibilities  of  the 
respective  team  members , and  to  review  or  develop  the  working  procedures  tor 
the  participating  disciplines  and  the  means  by  which  the  members  will  interface  and 
communicate. 

I Subcontract  Contacts  and  Visits.  All  contacts,  communication,  or  visits  with  the 

^ ■ 

^ subcontractor  are  arranged  in  conjunction  with  the  SCA.  When  major  reviews  are 

p contemplated,  the  names  of  the  visitors,  the  dates  of  the  planned  visit,  the  purpose 

f-  of  the  visit  and  proposed  agenda,  and  names  of  subcontractor  personnel  to  be  visited 

I are  formally  dccumented. 


I . Subcontractor  Direction,  The  SCA  gives  all  contractual  direction  to  the  subcontractor 

5 

I in  writing.  Requests  for  changes  to  subcontract  compliance  documents,  work 
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requirements,  or  schedule  arc  submitted  to  the  SC  A by  the  Assistant  Program 
Manager  for  Program  Controls  In  writing  after  all  necessary  LMSC  coordination  has 
been  accomplished.  Technical  direction  not  involving  change  in  scope,  schedule, 
or  cost  is  provided  to  the  subcontractor  by  the  Technical  Monitor. 

4.4.2  Integration  of  Subcontractor  E&ort 

Each  subcontracted  element  Is  vital  to  proper  performance  of  the  sensor  system, 
and  therefore  must  be  fully  integrated  with  the  LMSC  effort.  The  methods  by  which 
this  integration  is  performed  are  described  in  the  following  paragraphs . 

Subcontractor  Plans  and  Reports.  Technical,  management,  and  fiscal  reporting 
requirements  will  be  imposed  on  program  subcontractors  to  the  extent  and  with  the 
frequency  ’•equired  to  ensure  complete  and  timely  visibility  of  their  progress,  status, 
and  problem  identification  and  control.  The  basic  requirements  for  these  reports 
will  flow  down  from  the  prime  contract  reporting  requirements. 

Care  will  bo  taken  to  ensure  that  excessive  reporting  is  not  required  and  that  the 
number,  quality,  and  frequency  of  reports  are  sufficient  to  provide  visibility  con- 
sistent with  the  size,  complexity,  critical  nature,  and  inherent  tendency  toward 
problems  in  the  subcontracts.  The  formal  reports  will  be  supplemented  by  information 
gathered  at  design  and  status  reviews  and  through  informal  contacts. 

Subcontract  Progress  Evaluation.  Subcontractor  activities  will  be  evaluated  for  progress 
against  the  program  master  planning  through  the  following  techniques: 

• Design  Reviews.  Subcontractor  design  reviews  will  be  conducted  to  evaluate 
technical  status,  technical  problems,  and  performance  in  relation  to  cost 
and  schedule,  and  to  assess  effort  remaining.  DARPA  and  SAMSO  represent- 
•atives  will  be  invited  to  attend  design  reviews. 

• Subcontractor  Status  Reviews.  Monthly  subcontractor  meetings  will  be  con- 
ducted alternately  at  subcontractor  facilities  and  LMSC  to  review  technical , 
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fiscal,  and  schedule  performance  and  status  against  planned  progress,  with 
emphasis  on  identification  of  problems  and  their  solution.  DARPA  and 
SAMSO  representatives  will  be  invited  to  attend  these  reviews. 

• Program  Reviews.  Subcontract  status  will  be  reviewed  at  Teal  Ruby  Program 
status  review  meetings.  Sufficient  information  will  be  provided  so  that 
SAMSO  and  DARPA  can  be  advised  of  problems  and  proposed  solutions. 
Planned  corrective  action  will  be  described  where  appropriate. 


I 


Surveillance  Techniques.  All  phases  of  subcontractor  technical,  financial,  and  schedule 
performance,  including  implementation  of  corrective  action,  will  be  monitored  during  the 
course  of  the  subcontract.  Technical  assistance  will  be  provided  to  subcontractors  to 
aid  in  solving  problems  that  arise. 

Quality.  Reliability,  and  MalntalnabUitv  Standards . All  procurement  dociunentation 
will  be  reviewed  by  appropriate  members  of  the  Teal  Ruby  Product  Assurance  group 
prior  to  its  issuance  to  ensure  that  product  assurance  requirements  and  standards 
imposed  are  accurate  and  consistent  with  the  Government  requirements  contained 
in  the  prime  contract. 
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Section  5 

PRODUCT  ASSURANCE  PLAN 


Product  Assurance  aspects  of  the  Teal  Ruby  Phase  11  Program  consist  of  Quality 
Assurance,  Reliability  and  Maintainability,  and  System  Safety.  Detailed  plans  for 
these  functions  have  been  prepared  as  separate  volumes: 

• Quality  Assurance  Program  Plan,  LMSC-5699530 

• Reliability Alaintalnabillty  Plan,  LMSC-5639529 

• System  Safety  Program  Plan,  LMSC-5699531 

The  scope  of  each  of  these  plans  is  summarized  in  the  following  paragraphs; 

5.1  QUALITY  ASSURANCE  PROGRAIJ  PLAN 

The  Quality  Assurance  Program  Plan  describes  the  LMSC  quality  program  that  will 
be  implemented  in  Phase  II  of  the  Teal  Ruby  Experiment  Program  during  the  design, 
production,  test,  and  delivery  activities  of  the  program.  It  details  the  quality  engi- 
neering and  inspection  activities  that  will  be  performed,  as  well  as  those  concerned 
with  documentation,  records,  and  corrective  action. 

The  purpose  of  the  Quality  Assurance  Program  outlined  is  to  ensure: 

« The  system  has  been  fabricated  and  aseombled  from  parts  and  components  of 
known  quality  in  accordance  with  Government  workmanship  standards 

• Satisfactory  performance  of  the  system  has  been  demonstrated  by  performance 
of  appropriate  tests  and  the  results  accurately  recorded 

• System  configuration  and  quality  history'  are  fully  and  accurately  documented 

• Upon  delivery,  the  system  is  suitable  for  interfacing  with  equipment  and 
facilities  of  the  integrating  contractor  for  subsequent  system  evaluation 
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5.2  RELIABILITY/MAINTAINABILITY  PLAN 

The  Reliability  Alaintalnability  Plan  describes  the  LMSC  reliability /maintainability 
(R/M)  program  that  will  be  implemented  in  Phase  n of  the  Teal  Ruby  Experiment 
Program  during  the  design,  production,  test,  and  delivery  activities  of  the  program. 

The  purpose  of  the  RAI  Plan  is  to  assure: 

• That  the  system  has  been  designed  and  developed  with  parts  and  components 
of  known  reliability  in  accordance  with  LMSC  and  Government  R/M  standards 

• That  satisfactory  system  performance  has  been  demonstrated  by  performance 
of  appropriate  tests  and  the  results  accurately  recorded 

• That  system  configuration  and  R/M  history  are  fully  and  accurately 
documented 

• That  upon  delivery  the  system  is  suitable  for  interfacting  with  equipment  and 
facilities  of  the  integrating  contractor  for  subsequent  system  evaluation 

5.3  SYSTEM  SAFETY  PROGRAM  PLAN 

The  System  Safety  Program  Plan  sets  forth  the  safety  program  that  will  be  Imple- 
mented by  LMSC  for  the  Teal  Ruby  Experiment  Program,  The  plan  describes  the 
means  and  methods  used  to  Identify  and  control  hazards  during  the  design,  fabrica- 
tion, test,  prelaunch,  and  on-orbit  operations  of  the  Experiment  sensor  system. 

The  plan  is  LMSC's  management  and  engineering  plan  for  accomplishment  of  specified 
system  safety  tasks  in  consonance  with  the  guidelines  of  MIL-STD-882, 
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^ The  purpose  of  this  document  Is  to  define  the  Reliability /Maintainability  Program 

’ which  LMSC  will  employ  during  Phase  n of  the  Teal  Ruby  Program  in  compliance  with 

the  contractually  tailored  MIL-STD-1543. 


This  document  describes  the  Reliability/Maintainability  activities  which  will  be  per- 
formed during  the  design,  production,  test,  and  delivery  of  the  Teal  Ruby  Experiment. 


2.0  REFERENCE  DOCUMENTS 

The  following  documents  of  the  issue  shown  form  a part  of  this  plan  to  the  extent 
specified  herein. 


MII^STD-1S43 

(USAF) 

MIL-STD-7S6 

MIL-HDBK-217B 

MIL-STD-470 


Reliability  Program  Requirements  for  Space  and  Missiles 
Systems 

Reliabilify  Prediction 

Reliability  Prediction  of  Electronic  Equipment 

Maintainability  Program  Requirements  (for  Systems  and 
Equipments) 


3.0  RELIABILITY/MAINTAINABILITY  PROGRAM 


3.1  Management  and  Control 

3.1.1  Organization.  Figure  1 shows  the  organizational  structure  which  has  been 
established  for  providing  Reliability  and  Maintainability  personnel  support  to  the  Teal 
Ruby  Program.  These  personnel  report  to  the  Product  Assurance  Program  Repre- 
sentative who  has  been  assigned  by  the  R&DD  Product  Assurance  Manager  to  direct 
the  Rellabtllty/Malntalnabillty  activities  of  the  Teal  Ruby  Prc^am.  In  this  assign- 
ment, the  Product  Assurance  Program  Representative  will  obtain  direction  from  the 
Teal  Ruby  Program  Manager. 
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Fig.  1 Teal  Ruby  Product  Assurance  Organizational  Relationships 


LMSC-S699529 
15  Mar  1977 


1 

I 


!i  1 

Si  1 


3.1.2  Interfacing  and  Control 

3. 1.2.1  LMSC  Functional  Organizations.  The  Reliability  and  Maintainability  person- 
nel will  achieve  familiarity  with  all  aspects  of  the  Teal  Ruby  Experiment  In-house 
activity  by  frequent  liaison  with  the  personnel  responsible  for  design,  manufacturing, 
and  test  functions  throughout  the  period  of  these  activities.  This  close  liaison  will 
be  facilitated  by  the  Reliability  and  Maintainability  personnel  being  physically  located 
proximate  to  other  program  personnel. 

Change  recommendations  to  improve  Reliability/Maintainability  will  be  made  when 
deemed  appropriate,  with  the  emphasis  placed  upon  making  these  recommendations 
as  early  as  possible  during  the  design  phase.  All  recommendations  will  be  documented 
and  follow-up  will  be  performed  to  determine  response  to  these  recommendations  and 
to  obtain  program  management  direction  when  required  to  establish  whether  Reliability/ 
Maintainabilify  recommendations  are  to  be  adopted. 

Reliability  and  Maintainability  personnel  will  review  all  drawings  and  will  review  and 
approve  detail  specifications,  manufaciuring  procedures,  and  tost  plans  to  assure 
application  of  adequate  Reliability/Maintainability  practices. 

Visual  examination  of  in-house  manufactured  hardware  will  be  performed  to  provide 
further  assurance  of  adequacy  of  hardware  Reliability/Maintainability  standards. 

3. 1.2. 2 Subcontractors.  Reliability  and  Maintainability  personnel  will  perform  the 
same  interfacing  and  control  functions  with  respect  to  subcontractors  as  those  per- 
formed with  respect  to  LMSC  activities  as  described  in  paragraph  3. 1.2.1. 

The  majority  of  liaison  activities  between  the  LMSC  Reliability  and  Maintainability 
personnel  and  the  subcontractors  will  be  performed  through  the  Product  Assurance 
resident  representative  at  each  of  the  subcontractors'  facilities,  under  the  direction 
of  the  Assistant  Program  Manager  for  Subcontracts.  LMSC  Reliability  and  Maintain- 
ability personnel  will  visit  the  subcontractors'  facilities  on  occasions  when  circum- 
stances require  these  visits  to  obtain  adequate  liaison  which  cannot  be  obtained  through 
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the  resident  Product  Assurance  representative  or  through  the  mail  or  by  telephone 
communication. 

To  the  extent  that  subcontractors  provide  Reliability  and  Maintainability  personnel 
support  to  the  Teal  Ruby  Program,  LMSC  Reliability  and  Maintainability  personnel 
will  monitor  the  activities  of  these  functions  as  performed  by  the  subcontractors' 
personnel. 

aibcontractor-originated  drawings,  detail  specifications,  manufacturlng.prooedures, 
and  test  procedures  will  be  reviewed  by  the  subcontractor  Reliability  and  Maintain- 
ability personnel  where  the  subcontractor  provides  these  personnel  to  support  the 
Teal  Ruby  program. 

In  instances  where  subcontractors  do  not  provide  Reliability  and  Maintainability  per- 
sonnel support  to  the  Teal  Ruby  Program,  LMSC  Reliability  and  Maintainability  per- 
sonnel will  perform  the  same  Reliability /Maintainability  functions  for  the  subcon- 
tractors as  those  which  are  performed  for  LMSC  in-house  activity. 

Subcontractor  Work  Statements  and  detail  specifications  originated  by  LMSC  will  be 
reviewed  and  approved  by  LMSC  Reliability  and  Maintainability  personnel. 

3.2  Rellabilltv/Malntalnabllitv  Tasks 

3.2..1  Reliability  Tasks 

3. 2. 1.1  Quantitative  Requirements.  Tiie  reliability  goals  and  requirements  will  be 
delineated  in  the  Teal  Ruby  System  Specification.  Reliability  estimation  performed 
during  Phase  I resulted  in  an  estimated  system  reliability  of  0.89  for  a 1-year 
mission  and  0.79  for  .a  2-year  mission. 

3. 2.1. 2 Design  Techniques.  Throughout  the  design  period , recommendations  will 
be  made  to  design  engineers,  where  deemed  appropriate,  with  respect  to  incorporat- 
ing redundancy,  substituting  parts,  improving  part  mounting  practices,  or  other 
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changes  designed  to  improve  reliability.  Recommendations  with  respect  to  parts 
application  will  be  based  upon  the  need  to  achieve  higher  circuit  reliability  through 
the  use  of  more  reliable  parts.  In  addition,  recommendations  will  be  made  to 
replace  part  types  or  parts  from  production  lots  which  are  known  from  industry 
experience  to  have  a high  incidence  of  defects. 

3. 2. 1.3  Reliability  Analysis 

3. 2. 1.3.1  Modeling.  During  Phase  I,  a Reliability  Model  of  the  system  has  been 
prepared  and  has  been  employed  as  a tool  in  making  system  reliability  predictions. 
During  Phase  n,  the  model  will  be  continuously  updated  as  the  system  design  reaches 
maturation. 

3. 2. 1.3. 2 Reliability  Apportlonment/Predlctlon.  During  Phase  I,  a Reliability  goal 
for  the  Teal  Ruby  Experiment  was  set  at  0.85  for  a 1-year  mission.  This  goal  was 
set  based  upon  rough  estimates  of  subsystem  failure  rates  which  were  in  him  based 
upon  estimates  of  parts  failure  rates  of  the  known  types  and  quautltles  of  parts  in 
each  subsystem.  Based  upon  these  estimated  subsystem  failure  rates,  the  system 
reliability  goal  was  apportioned  among  the  subsystems. 

During  Phase  n of  the  Teal  Ruby  Program,  as  the  design  progresses  to  maturity  and 
actual  parts  type  and  circuit  application  data  become  available,  more  precise  sub- 
system reliability  estimates  will  be  obtained  and  these  will  be  used  as  the  basis  for 
reapportionment.  Reapportionment  will  be  performed  with  consideration  of  cost 
effectiveness,  taking  into  account  the  comparative  cost  of  reliability  improvement 
between  the  various  subsystem  items. 


I 3. 2. 1.3. 3 Failure  Modes  and  Effects  Analysis  (FMEiil  - System  Level.  During 

I Phase  I of  the  Teal  Ruby  Program,  an  FMEA  was  performed  at  the  system  level  and 

I the  results  were  used  to  identify  critical  subsystem  failure  modes. 

i 

i 

I During  Phase  H,  the  system  iovcl  FMEA  y4U  be  maintained  in  an  updated  status  and 

f 

I critical  subsystem  failure  modes  will  continue  to  be  identified.  The  existence  of 

I 
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Oiese  critical  failure  modes  and  appropriate  change  recommendations  will  be  com- 
municated to  the  responsible  design  personnel  and  to  the  Teal  Ruby  Program 
Manager. 

3. 2. 1.3. 4 FMEA—  Parts  Level.  During  Phase  n,  FMEA  will  be  performed  on  all 
of  the  subsystems  down  to  the  parts  level.  These  FMEA  will  be  performed  as  early 
as  possible,  as  the  subsystem  circuit  designs  become  available.  Critical  part 
failures  will  be  Identified  and  change  recommendations  communicated  to  the  responsible 
design  personnel  and  to  the  Teal  Ruby  Program  Manager. 

3. 2. 1.4  Reliability  Demonstration.  Reliability  analysis  techniques,  down  to  the 
part  level,  will  be  used  to  provide  confidence  in  attainment  of  the  system  reliability 
goal. 

Ihe  fact  that  only  one  flight  system  will  be  produced  renders  reliability  life  testing 
impractical  j»om  a cost  point  of  view.  In  addition,  the  Teal  Ruby  experiment  schedule 
does  not  provide  time  for  pe.rformance  of  such  a test  program. 

3. 2. 1.5  Parts  Reliability.  Reliability  personnel  will  review  all  parts  application  la 
the  Teal  Ruby  system  and  will  make  recommendations,  where  deemed  appropriate, 
to  effect  changes  in  part  type  selection  or  application.  The  bases  for  change  recom- 
mendations will  be  Ks  described  under  paragraph  3. 2. 1.2. 

Parts  usage  and  application  will  be  determined  as  early  as  possible  by  revitv;  of 
drav^ings  and  parts  lists,  to  permit  effecting  changes  with  the  minimum  possible 
piogra'a/  cost  and  schedule  impact. 

3.2.1.?  Discrepancy  and  Failure  Reporting.  Analysis,  and  Corrective  Actions. 
Reliability  perscncel  will  closely  mionitor  all  activity  and  documentation  associated 
with  discrsp3J.oIes  and  failures.  Reliability  personnel  will  request  that  Failure 
Analysia  be  performed  expeditiously  and  will  monitor  this  task  to  assure  that  valid 
results  are  oblalned.  RellabiliV  personnel  will  make  appropriate  recommendations 
for  corrective  actions  to  be  taken  as  a result  of  discrepancies  and  failures. 
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The  documentation  and  other  activities  associated  with  discrepancies  and  failures 
are  described  in  the  Teal  Ruby  Quality  Assurance  Program  Plan. 


Maintenance.  Keliabillty  will  perform  an  analysis  of  all  subsystem-components  to 
establish  whether  the  effects  of  storage,  packaging,  transportation,  handling,  and 
maintenance  will  be  such  as  to  require  issuance  of  special  instructions  relative  to 
these  areas.  These  special  iustructimis  will  impose  necessary  limits  ofeonditions 
to  which  the  item  may  be  exposed  iind  will  establish  any  necessary  requirements 
with  respect  to  periodic  field  examinations  or  tests.  These  tasks  are  in  addition 
to  the  Contamination  Control  Engineer's  review  of  these  same  items. 

3. 2. 1.8  Design  Review  Support.  Reliability  personnel  will  support  the  Crltloal 
.Design  Review  and  the  Functional  Configuration  Audit.  For  these  reviews.  Reli- 
ability wlll  provlde  data  with  respect  to  reliability  prediction  and  critical  failure 
modes  and  the  actions  which  have  been  taken  to  Improve  the  system  reliability. 

3.3.2  Malntalnabtlltv  Tasks 


3, 3. 2.1  Maintainability  Requirements.  The  maintainability  program,  as  outlined 
here,  is  Intended  to  ensure  maintainability,  and  facilitate  maintenance  of  flight  and 
ground  support  equipment  up  to  initial  launch.  This  program  is  based  on  the  assump- 
tion that  no  inflight  maintenance  will  be  performed  on  Teal  Ruby  flight  hardware 
while  that  hardware  is  resident  in  the  Orbiter,  except  for  ground  control  switching 
of  redundant  circuits. 

During  design,  maintainability  design  support  will  be  directed  toward  minimizing  the 
time  required  to  isolate  and  correct  r malfonction  or  failure.  In  the  absence  of  a 
firm  quantitative  maintainability  requirement,  separate  maintenance  time  goals  will 
be  established  for  flight  and  for  program  support  equipment. 


3. 3. 2. 2 Maintainability  Analysis.  System  and  equipment  design  studies  and  reports 
vvill  be  analyzed  to  develop  maintainability  design  goals  and  constraints.  The  analyses 
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will  provide  the  basis  for  subsequent  design  criteria  development  and  for  design  tradeoff 
studies  as  appropriate. 

3. 3. 2. 3 Mahitenance  Concent.  Based  on  the  maintainability  analyses,  maintenance 
concepts  will  be  developed  separately  for  flight  and  for  program  support  equipment. 

At  this  time,  it  is  assumed  that  program-peculiar  hardware  will  be  repaired  and  that 
minimum  reliance  will  be  placed  on  spare  components.  However,  development  of  tlie 
maintenance  concept  will  Include  determination  of  sjiares  requirements  to  avoid 
launch  delays;  maintenance  tasks  to  be  performed  on-line,  at  the  launch  facility, 

and  at  the  factory  level;  support  equipment  and  special  tools  required;  and  quantity 
and  types  of  maintenance  personnel  required. 

3. 3. 2.4  Maintainability  Criteria.  As  a result  of  the  maintainability  analyses  and 
consistent  with  the  maintenance  concept,  overall  system  design  approaches  and 
equipment  concepts  will  be  examined  to  Identify  program-peculiar  features  which 
require  Upeclal  maintainability  design  criteria.  In  general,  it  is  expected  that 
military  and  industry  design  standards  will  be  adequate  with  respect  to  these  criteria. 

3. 3. 2.5  Design  Support.  Design  support  is  the  principal  maintainability  task.  Sup- 
port is  directed  toward  assisting  design  cr.gineers,  draftsmen,  and  other  support 
personnel  in  making  certain  that  the  equipment  delivered  by  this  program  can  be 
maintained  in  a manner  to  meet  the  performance,  cost,  and  time  goals  of  the  program. 

Maintainability  engineers  will  provide  appropriate  input  to  specifications  and  subcon- 
tract work  statements.  They  will  provide  routine  review  of  drawings  and  will  develop 
maintenance  design  recommendations.  Special  analyses,  design  concepts,  or  studies 
will  be  performed  as  necessary  to  resolve  problem  areas  and  as  directed  by  the 
Program  Manager. 

Maintainability  Engineers  will  participate  in  informal  and  formal  design  reviews. 

They  will  prepare  briefings  and  presentation  materials  and  will  assist  in  determining 
corrective  action  necessary  as  a result  of  reviews. 


B-8 


LOCKHEED  MISSILES  & SPACE  COMPANY.  INC. 


FI 


‘.I 

S,  ‘ 


1 

1 

] 


i 


LMSC-5699529 
15  Mar  1977 


3. 3. 2. 6 Verlficgtjon.  Equipment  and  system  tests  will  be  monitored  to  provide 

a qualitative  assessment  of  the  extent  to  which  maintainability  goals  have  been  met. 

3. 3. 2. 7 Maintenance  Manual,  biformation  developed  during  maintainability  analysis 
and  design  support  and  verification  tasks  will  be  integrated  with  the  results  of  the 
failure  modes  and  effects  analyses  performed  by  Reliability  Engineering.  These 
data,  together  with  vendor  and  subcontractor  data  and  reports  will  be  compiled  and 
synthesized  to  develop  a maintenance  manual  to  be  used  in  the  post-delivery  period 
prior  to  launch. 


3. 3. 2. 8  Integration.  Malntalnablllfy  Engineering  will  provide  support  as  necessary 
to  systems  integration  and  sustaining  engineering  functions  throughout  the  period  of 
the  contract. 
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Foreword 


'Phis  Quality  Assurance  Program  Plan  has  been  prepared  by  Lockheed  Missiles  & 
Space  Company,  Inc.  (LMSC),  as  partial  fulfillment  of  the  required  CDRL  material 
for  Items  009A2  of  the  Teal  Ruby  Phase  I contract.  This  plan  will  be  updated  after 
Phase  II  contract  award  and  will  then  form  the  basis  for  all  contract  quality  assurance 
effort. 
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1.0  INTRODUCTION 

1.1  Scope.  Tuiii  (lociuseat  describes  the  quality  program  Lockheed  Missiles  & 
Space  Compauy,  Inc.  (LMSC),  will  employ  on  the  Phase  n Teal  Ruby  Experiment 
Program  during  the  design,  fabricaticn,  assembly,  test,  and  delivery  activity. 

The  purpose  of  this  plan  is  to  assure  the  following: 

• That  Teal  Ruby  Sensor  has  been  fabricated  and  assembled  from  parts  and 
components  of  known  quality  and  reliability  in  accordance  with  LMSC  and 
customer  workmanship  standards. 

• Satisfactory  Sensor  performance  has  been  demonstrated  by  performance  of 
appropriate  tests  whose  results  are  accurately  recorded. 

• Sensor  configuration  and  quality  history  is  fully  and  accurately  documented. 


• Upon  delivery,  the  Sensor  is  suitable  for  interfacing  with  equipment  and 
facilities  of  the  integrating  contractor  for  subsequent  satellite  evaluation. 


• When  fully  implemented  this  program  will  meet  the  intent  of  MIL-Q-9858, 
Military  Specification,  Quality  Program  Requirements,  and  will  fully 
conform  to  MIL-I-452(’8,  Inspection  System;Requirements, 


1.2  Applicability . The  activities  described  herein  are  applicable,  to  the  extent 
cited,  to  the  design,  procurement,  fabrication,  assembly,  testing,  documentation, 
and  delivery  of  items  specified  in  the  contract  Statement  of  Work  and  CDRL. 

The  activities  described  heroin  will  terminate  at  completion  of  Form  OD-1149  at  the 
spacecraft  contractor's  fwillty  subsequent  to  preparation  and  signature  of  Form  DD-250 
at  LMSC,  Palo  Alto.  The  only  exception  Is  that  any  item  returned  for  repair/rework/ 
retest  will  be  subject  to  this  plan. 
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1.2.1  Precedence.  This  document  sets  forth  and  describes  generally  the  quality 
activities  applicable  to  the  Teal  Ruby  Program,  and,  as  such,  constitutes  LMSC  R&DD 
Product  Assurance  (R&DD  PA)  response  to  the  Statement  of  Work.  In  event  of  dis- 
agreement between  this  document  and  the  Statement  of  Work,  or  documents  referenced 
therein,  the  Statement  of  Work  shall  take  precedence. 

Implementation  and  application  of  the  activities  described  herein  will  be  as  required 
by  Program  Directives,  Inspection  Instructions,  Safety  Directives,  and  similar  com- 
pliance documents  generated  specifically  for  the  Teal  Ruby  Experiment  Program . 


s 


I ' 


f 


1.2,2  Relation  to  Other  Requirements.  R&DD  Product  Assurance  (R&DD  PA)  com- 
bines, in  a .single  organization,  the  following  engineering  specialty  discipline's  required 
to  support  R&DD  programs:  Quality  Assurance  (Quality  Engineering  and  Inspection), 
Systems  Safety,  Reliability,  and  Maintainability.  Separate  program  plans  have  been 
prepared  for  each  of  these  disciplines,  each  taking  advantage  of  organizational  prox- 
imity to  promptly  interchange  data  accruing  to  each  which  has  effect  upon  the  activities 
of  the  others,  and  an  ovorali  impact  on  the  program. 

A Linear  Responsibility  Chart,  Attachment  A,  has  been  prepared  to  portray  interfaces 
between  the  R&DD  PA  functions  and  functions  of  other  organizations  in  implementing 
this  program. 


1.2.3  Options.  Suppliers  tc  the  Teal  Ruby  program  will  be  required  to  maintain 
quality  programs  responsive  to  LMSC  PA  STD  8700-Q001  (meets  intent  of  MIL-Q-9858) 
permitted  to  use  existing  systems  conforming  to  comparable  requirements  documents, 
or  will  be  required  to  provide  a system  peculiar  to  their  facilities  considered  acceptable 
'oy  R&DD  PA. 
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2.0  APPLICABLE  DOCUMENTS 

The'  following  documents  of  the  issue  shown  are  incorporated  by  reference  and  form  a 
part  of  this  plan  to  the  extent  referenced  herein. 


Applicable 

Paragraphs 
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MIL-I-45208A 
63  Dec  16 

Inspection  System  Requirements 

All 

r 

MIL-Q-9858A 
63  Dec  16 

Quality  Program  Requirements 

Guidelines  Only 

MIL-D-IOOOA, 
Amend  1 

76  Feb  20 

Drawings , Engineering  and  Associated  Lists 

All-Level  2 

■ 

: 

MIL-C-4S66A 
62  Feb  09 

Calibration  System  Requirements 

All 

V , 

, 

LMSC  Documents 

PA  STD  8700- 
QOOIA, 

76  June  01 

Product  Assurance  Standard,  Supplier 
Product  Assurance  System  Requirements. 

All 

1 

I- 

i.  - 

5699529 

Reliability /idaintainability  Program  Plan 
(Draft)  for  Teal  Ruby  Experiment  Program , 
Phase  H. 

All 

t 

5699531 

Systems  Safefy  Program  Plan  (Draft)  for 
Teal  Ruby  Experiment  Program,  Phase  n. 

AU 

t 

, 

5699532 

Configuration  Management  Plan  (Draft)  for 
Teal  Ruby  Experiment  Program,  Phase  n. 

All 

1 

3,0  QUALITY  PROGRAM  - ORGANIZATION  & RESPONSIBILITIES 

The  Manager  of  R&DD  Product  Assurance  (R&DD  PA)  has  the  responsibility  and  neces- 
sary authority  to  establish  and  maintain  Quality  A.ssurance,  Reliability,  Maintainability, 
and  Safety  Programs  for  all  programs  undertaken  by  the  LMSC  Research  and  Develop- 
ment Division  (R&DD) . Personnel  performing  these  functions  have  sufficient  responsi- 
bility, authority,  and  organizational  freedom  to  identify  and  evaluate  qualify  problems 
and  to  initiate,  recommend,  or  provide  problem  solutions.  Responsibilities  and  author- 
ity are  defined  in  LMSC  directives,  procedures,  and  Functions  & Responsibility 


3. 1  Organization.  The  R&DD  Product  Assurance  Manager,  who  reports  directly 
to  the  Vice  President  & General  Manager  of  the  Research  and  Development  Division, 
has  appointed  Mr.  F.  J,  Zlegel  as  Product  Assurance  Program  Representative  (PAPR) 
to  the  Teal  Ruby  Experiment  Program  (see  Fig.  1) . The  PAPR  is  responsible  to  the 
Program  Manager  for  Teal  Ruby  Product  Assurance  Program  progress  and  coordination 
of  Product  Assurance  matters  with  other  affected  LMSC  organizations.  He  is  directly 
responsible  to  the  Manager,  R&DD  Product  Assurance,  for  verification  of  acceptability 
of  Teal  Ruby  systems,  components,  and  documentation  and  is  designated  as  the  primary 
point  of  contact  for  DARPA/ SAMSO/AFPRO  representatives  with  respect  to  routine 
Product  Assurance  matters. 


3.1.1  Quality  Engineering.  The  PAPR,  or  Qualify  Engineering  (QE)  personnel 
assigned  to  assist  him , plans  and  implements  the  actions  necessary  to  provide  adequate 
control  of  design,  supplier  manufacturing,  and  testing  activities  to  assure  compliance 
with  the  hardware  qualify  and  documentation  requirements  of  the  program.  Imple- 
mentation of  these  activities  will  be  promulgated  in  a series  of  Program  Directives 
(para.  3.2.1)  which  set  forth  specific  actions  taken  by  Product  Assurance  ard  inter- 
facing organizations.  Brief  descriptions  of  these  actions  are  contained  in  the  following 
paragraphs. 
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3. 1.1.1  Engineering  Documentation.  Qualltj'  Engineering  will  participate  in  review 
and  approval  of  engineering  drawings,  specifications,  and  revisions  to  assure  that  the 
Sensor,  as  designed,  is  inspectable  and  that  adequate  and  essential  process  specifi- 
cations, finish  requirements,  material/parts  selections,  test/analysis  requirements, 
and  similar  annotations  are  properly  and  clearly  called  out.  Quality  Engineering 
approval  is  indicated  by  signature  in  the  appropriate  place  on  the  applicable  document 
during  the  documentation  release  cycle. 

3. 1.1. 2 Supplier  Control.  QE  will  participate  in  selection  of  suppliers,  and  subcon- 
tractors, Including  determination  of  supplier  quality  requirements,  evaluation  and 
approval  of  supplier  quality  systems , and  determination  of  source  and  receiving  inspec- 
tion criteria.  These  actions  are  documented  by  memoranda  verifying  approval  or  citing 
reasons  for  noaapproval. 

In  general,  supplies  purchased  for  the  program  will  be  obtained  from  lists  of  preferred 
parts  prepared  by  LMSC  and  selected  on  the  basis  of  actual  experience  on  other  space 
hardware  programs , or  purchased  from  suppliers  currently  listed  in  the  LMSC  Directory 
of  Approved  Suppliers  (DAS) , utilizing  an  LMSC  Engineering  Purchasing  Specification 
(EPS).  Where  procurement  from  previously  approved  sources  is  not  possible,  K&DD 
Product  Assurance  and  Materiel  organizations  wlK  jointly  initiate  action  necessary  to 
verify  the  acceptability  of  prospective  suppliers  facilities  and  qualify  systems . 

Supplier  quality  requirements  are  determined  and  isvposed  during  the  Quality  Engineering 
review  and  approval  of  the  Engineering  Material  Request  and  Materiel  Purchase  Order 
and  accompanying  documentation.  (Drawings,  Specifications,  etc.)  These  requirements 
are  entered  on  the  face  of  these  documents  by  the  approving  Quality  Engineer. 

3. 1.1. 3 Manufacturing  Control.  Manufacturing,  assembly  aitd  test  operations  will  be 
preplanned  on  Shop  Orders  or  Assembly  Orders  originated  by  Manufacturing  Planning 
and  reviewed  by  Qualify  Engineering  prior  to  use.  Depending  on  the  compleidty  of  the 
article,  shop  order  operations  will  range  from  a simple  "Fab  per  BA"'  and  "liispect", 
to  a detailed,  sequential  fabrication  assembly  plan  including  in-process  and  acceptance 
tests.  During  his  review  of  the  shop  order  and  attendant  documentation  the  Quality 
Engineer  will  assure  that  necessary  inspection  points,  with  appropriate  accept/rejeot 
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criteria  are  cited  in  the  shop  order.  If  not  obvious,  inspection  operations  and  accept- 
ance criteria  will  be  detailed  on  a numbered  Inspection  Instruction  which  is  referenced 
on  the  shop  order  adjacent  to  the  ir*  pect  point.  To  preclude  unnecessary  or  repetitive 
inspection  operations , inspect  points  arc  placed  at  the  highf.'.ct  point  in  fabrication  or 
assembly  where  the  characteristic:'  of  interest  are  accessible  and  inspectable.  Approval 
of  the  shop  order  is  indicated  by  the  stamp  or  signature  of  the  reviewing  Quality  Engineer. 
Changes,  additions,  or  deletions  to  the  shop  order,  made  after  approval  and  release 
must  also  be  approved  bjr  the  Quality  Engineer. 

Final  assembly,  tests  and  inspections  will  be  planned, controlled,  and  documented  in  a 
system  logbook  initiated  by  Planning  and  approved  by  Quality  Engineering.  A separate 
logbook  will  be  prepared  and  maintained  for  each  system.  As  with  other  shop  work 
authorizing  documents,  changes,  additions,  or  deletions  made  after  release  require 
Quality  Engineering  approval. 

System  logbooks  will  contain  the  following  sections: 

« Logbook  Cover  Page  - Serves  as  the  Shop  Work  Authorizing  Document 
which  identifies  the  system  and  auUiorizes  and  initiates  assembly  and  test 
operations  defined  in  the  logbook, 

• Configuration  Status  — Provides  a log  of  drawings,  Engineering  Orders,  Test 
Procedures,  and  Test  Procedure  Change  Notices  which  depict  the  "as-built" 
and  tested  system  configuration  and  the  status  of  each  entry,  e.g. , released, 
outstanding,  worked,  revision  letter. 

• Log  of  Operations  - Sequential  listing  of  manufacturing,  assembly  and  test 
operations,  and  Inspection  points,  including  number  and  revision  dates  of 
drawings.  Inspection  Instructions,  Test  Procedures  and  other  documents 
affecting  the  system  build-up. 

• Component  Serial  Numbers  --  Provides  record  by  part  and  serial  number  of 
all  serialized  or  configuration  controlled  items  present  in  the  system. 
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• In'spection  Instructions  - Contains  copies  of  Inspection  Instructions  and  result- 
ant data  for  those  Inspection  Instructions  cited  in  the  log  of  operations . 

• Log  of  Non-Material  Review  Discrepancies  - Contains  record  of  all  discrep- 
ancies detected,  necessary  repair,  rework  or  completion,  and  inspection 
acceptance  of  correction.  When  a discrepancy  cannot  be  restored  to  drawing 
requirements  the  problem  is  written  up  in  a Non-Conformano  * Report  (NCR) 
for  disposition  by  Material  Review  action. 

• Material  Review  Records  - Contains  an  index  and  copies  of  NCR's  issued 
against  the  system.  Provides  record  of  open  NCR's  and  of  Material  Review 
dispositions . 

< 

• Functional  Test  Procedures  - Contains  copies  of  test  procedures  and  test 
reports  resulting  from  operations  cited  in  the  Log  of  Operations , and  of  any 
special  tests  performed . 

• Logbook  Shop  Orders  - Contains  copies  of  Shop  Orders  supplemental  to  the 
Log  of  Operations,  Issued  to  further  clarify  an  operatlo.a.  Incorporate  a 
hardware  change  or  repair,  or  other  special  purpose. 

3. 1.1.4  Test  Plans  and  Procedures.  Test  plans  and  procedures,  excluding  develop- 
mental tests  not  affecting  acceptance,  and  their  revisions,  are  reviewed  and  approved 
by  Quality  Engineering  prior  to  use.  This  review  is  made  to  assure  that  the  provisions 
of  the  test  procedure  are  adequate  to  demonstrate  the  required  functional  parameters 
of  the  component  or  system,  and  that  data  taken  during  the  test  provides  an  adequate 
record  of  tests  conducted  and  is  suitable  for  use  by  Reliability/Maintalnability  engi- 
neers. Where  appropriate  the  Quality  Engineering  review  may  be  conducted  jointly 
with  System  Safety  in  orcifr  to  assure  that  necessary  caution  notes  and  precautionary 
procedures  are  present.  Approval  is  indicated  by  the  Quality  Engineer's  signature  in 
the  appropriate  block  on  the  test  procedure  co'.u  r shed.. 
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Where  suppliers  are  required  to  perform  to  test  procedures  or  Acceptance  Test 
Procedures , the  supplier  is  required  to  prepare  the  procedure  and  data  sheets  and 
submit  to  LMSC  through  R&DD  Materiel  for  review  and  approval  by  Program  Engineering 
and  Quality  Engineering  prior  to  use  by  the  supplier. 


3 . 1. 1.5  Mater tal  Review.  The  PAPR  or  his  designated  Quality  Engineer  will  initiate 
and  coordinate  the  prompt  completion  of  Maie.-ial  Review  actions  and  the  proper  diposi- 
tioning  of  nonconformlig  l*^oms . Material  Review  activities  will  be  accomplished  by 
the  Quality  Engineer  and  a program-designated  engineering  representative,  who  are 
assisted  by  other  organization  representatives  as  required.  Nonconformances  affect- 
ing the  interface  between  the  Teal  Ruby  Experiment  and  the  spacecraft  equipment  will 
be  brought  to  the  attention  of  the  Integration  and  Interface  Manager,  the  designated 
program  office  representative,  for  assistance  in  disposition. 


The  Quality  Engineer  will  infor-o  the  Safety,  Reliability,  and  Maintainability  representa- 
tives of  all  failures  and  discrepancies  to  faciiitiate  the  assessment  of  their  effect  upon 
these  disciplines . 

3. 1.1.6  Inspection  Support  and  Coordination.  Quality  Engineering  will  provide  direction 
and  assistance  to  Inspection  as  required  to  a-.sure  that  Inspection  requirements  and  pro- 
cedures are  understood,  propjrly  performed,  and  the  results  documented.  Where 
deemed  necessary  by  Quality  Engineering  during  review  of  shop  orders.  Engineering 
Material  Requests,  Purchase  Orders,  logbooks  and  test  procedures.  Inspection  Instruc- 
tions peculiar  to  a particular  article  or  inspection  point  will  b i prepared  to  provide 
specific  direction  for  the  inspection  to  be  performed,  methods  and  equipment  to  be  used, 
acceptance  criteria,  and  data  recording  requirements,  as  appropriate 

The  PAPR  coordinates  the  interaction  of  Product  Assurance  activities  (Quality 
Assurance,  Safety,  Reliability,  and  Maintainability)  within  the  Product  Assurance 
organization  and  with  affected  program  organizations  to  assure  that  information  is 
promptly  disseminated,  that  program  plans  and  changes  in  planning  are  known,  that 
supporting  activities,  reports,  analyses  and  reviews  are  completed  on  schedule  and 
other  actions  necessary  to  suppsrt  the  orderly  progress  of  the  program. 
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3.1.2  Inspection 


3. 1.2.1  Source  Inspection.  LMSC  Source  Inspection  may  be  performed  at  certain 
suppliers  facilities . The  necessity  for  source  inspection  is  determined  by  Qualitv 
Engineering  during  procurement  document  review  (para.  3. 1.1.2)  and  imposed  ipon 
the  supplier  as  a condition  of  purchase.  Normally,  source  inspection  is  Impcs  i 
when  inspection  or  acceptance  testing  of  the  article  can  be  more  economically  accom- 
plished at  the  supplier  in  lieu  of  duplication  of  test  facilities  or  repeating  extensive 
testing  on  receipt  at  LMSC,  but  may  be  considered  necessary  for  other  reasons.  As 

a minimum,  source  inspection  will  consist  of  final  inspection,  witnessing  of  acceptance 
testing,  and  review  of  required  documentation.  Where  the  supplier's  quality  history 
is  unknown,  the  action  may  include  resident  Quality  Assurance  surveillance  of  the 
supplier's  manufacturing  and  controls  practices,  quality  program  and  documentation 
systems,  and  test  activities.  Source  inspection  activities  may  be  adjusted  as  experience 
is  gained  with  the  supplier's  quality  performance. 

3. 1.2.2  Receiving  Inspection.  As  a minimum,  purchased  items  arc  inspected  upon 
receipt  at  LMSC  for  identification,  damage,  quantity  and  presence  of  required  docu- 
mentation. Where  Quality  Engineering  haa  predetermined  that  pisrchased  items  require 
special  or  more  detailed  inspection,  analysis,  functional  test  or  calibration,  inspection 
is  conducted  in  accordance  with  parts  peculiar  Inspection  Instructions  issued  by  Quality 
Engineering. 

Items  processed  in-house  and  diverted  to  an  outside  supplier  for  accomplishment  of 
one  or  more  operations  are  handled  in  the  same  manner. 

Items  found  discrepant  are  segregated,  the  discrepancy  recorded  and  referred  to 
Material  Review  for  disposition. 

3. 1.2.3  In-Process  Inspection.  In-'process  inspection  is  performed  in  accordance  with 
requirements  Inserted  Qualitv  Engineering  during  review  of  work  authorizing  docu- 
ments and  logbooks . Inspection  acceptance  of  fabrication/ assembly/test  operations 
and  final  acceptance  of  hardware  and  closure  of  work  authorizing  documents  or  logbooks 
is  indicated  by  applying  an  inspection  "A"  stamp  to  documentation  and  hardware. 
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Nonconformances  noted  during  In-process  inspection  which  can  be  completed  or 
reworked  to  conformance  with  requirements,  are  entered  on  the  back  of  the  work 
authorizing  document  or  in  the  Log  of  Non-MR  Discrepancies  and  are  subsequently 
accepted  by  Inspection  when  corrected.  Such  nonconformances  do  not  require  disposi- 
tioning  by  Material  Review  action.  Other  nonconformances  are  documented  on  a 
Non-Conformance  Report  (NCR)  and  disposition  determined  by  Material  Review. 


3. 1.2.4  Final  Inspection.  System  components  and  assemblies  are  subjected  to  a 
final  inspection  upon  completion  of  manufacturing,  assembly  and  test  to: 


Verify  overall  completeness  of  item  and  acceptability  of  workmanship 


• Verify  that  Identification,  finish  and  markings  are  complete,  correct,  and 
properly  applied 


1 


• Verify  freedom  from  damage 

• Verify  that  accompanying  documentation  is  complete,  that  all  operations, 
tests,  and  inspections  iuive  been  completed  and  closed  (no  open  items  in 
shop  orders  or  logbooks),  all  required  configuration  data  entries  have  been 
made,  and  limited  life  data  has  been  recorded. 

3. 1.2.5  Final  Test  and  Acceptance.  Quality  Engineering  participates  in  test  planning 
and  In  the  approval  of  system  test  procedures  to  ensure  that  acceptance  testing  provides 
adequate  verification  of  hardware  functional  criteria  and  quality  requirements.  Test 
activities  are  monitored  by  Inspection  and  consist  of; 

• Checking  test  setup.  Including  equipment  calibrations, 

• Witnessing  acquisition  and  recording  of  data, 

• Processing  discrepancies  that  occur  during  test. 

Inspection  verifies  that  all  discrepancies  have  been  satisfactorily  resolved  and  indicate 
final  acceptance  by  stamping  hardware  and  logbook  with  an  "A”  stamp  and  date  of 
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acceptance.  Original  logbooks  are  retained  as  an  LMSC  corporate  record.  Copies 
of  logbook  data  necessary  to  describe  the  as-delivered  condition  of  the  system  will  be 
prepared  and  delivered  with  the  system. 

3. 1.2.6  Materials  Handling  Inspection.  Quality  Assurance  will  perform  surveillance 
of  materials  hanuling  practices  throucJ'.out  the  assigned  fabrication  and  assembly  areas 
on  an  ongoing  basis.  Any  handling  procedures  observed  which  have,  will,  or  could 
result  in  loss,  damage,  or  degradation  of  materials  are  brought  to  the  attention  of  the 
responsible  persomiel  for  corrective  action. 

3. 1.2.7  Stores  Inspection.  Separate,  secure  storage  will  be  maintained  for  Teal  Ruby 
Experiment  Program  supplies.  Purchased  items,  after  receiving  inspection,  and 
fabricated  articles,  after  acceptance,  are  held  in  this  area  pending  withdrawal  for 
assembly.  Supplies  in  stores  are  identified  with  part  number,  revision  letter  and 
Inspection  status,  and  protected  from  contamination  or  damage.  Identity  of  raw  and 
configured  raw  materials,  and  remnants,  is  maintained. 

Quality  Assurance  performs  surveillance  of  the  materials  storage  area  to  ensure  that 
required  inspection  status  is  maintained,  that  storage  methods  and  environments  are 
nut  degrading  the  materials,  and  that  limited  life  items  are  properly  identified  and 
promptly  removed  if  and  when  their  allowable  life  has  been  expended. 

3. 1.2. 8 Shipping  Inspection.  Quality  Assurance  implements  a system  for  inspection  | 

and  control  of  all  materials  shipped  from  LMSC  - This  system  er.sures  that  the  inspec- 
tion status  of  all  materials  shipped  or  awaiting  shipment  is  known,  that  any  required 
preservation  has  been  performed,  that  packaging  is  in  accordance  vdth  applicable  require- 
ments, and  that  accompanying  documentation,  is  complete,  legible,  and  properly  relates 
to  materials  being  shipped. 

3. 1.2.9  Sampling  Inspection.  In  view  of  the  limited  quantity  of  hardware  to  be  pro- 
duced, the  use  of  statistical  sampling  plans  is  not  appropriate  and  is  not  anticipated. 

3.2  Documentation.  Records  and  Corrective  Action 


I 
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3.2.1  Program  Dlrectlyea.  A series  of  appropriate  Program  Directives  will  bo 
issued  by  Product  Assurance  and  the  Teal  Ruby  Program  RIanager  to  serve  as  program- 
peculiar  Preduot  Assurance  operating  procedures  and  to  provide  detailed  instructions 
and  responsibilities  for  perfoimanco  of  the  various  program  functions.  A preliminary 
index  of  these  directives  is  shown  in  Attachment  B. 


3.2.2  Inspection  and  Testing  Doeumentatlon.  Quality  Engineering  reviews  and 
participates  in  the  approval  of  engineering  drawings,  test  procedures,  shop  orders  and 
logbooks  prior  to  release  to  determine  and  assign  optional  placement  of  mandatory 
inspect  points  and  acceptauce  criteria  on  shop  orders,  logbooks,  and  test  procedures. 
Inspect  points  are  normally  placed  at  the  hipest  level  of  assembly  where  character- 
istics to  be  inspected  are  accessible  and  inspectable. 

In  most  cases  inspection  criteria  is  obvious,  simply  requiring  verification  of  con- 
formance to  the  operations  Immediately  prior  to  the  inspect  point,  to  the  drawings  or 
procedures  it  references,  and  to  the  appropriate  workmanship  standard.  However, 
where  peculiar  inspection  requirements  exist,  or  recording  of  variables  data  is  ceces- 
sar/ . or  verification  of  all  parameters  is  not  essential  or  other  unique  circumstances 
are  piesent,  separate  Inspection  Instructions  will  be  prepared  by  Quality  Engineering 
to  detail  inspection  or  test  requirements  peculiar  to  an  operation  or  component.  Such 
instructions  describe  criteria  to  be  verified,  special  tools  or  equipment  required, 
visual  aids  necessary  or  other  unique  requirements  and  teenniques  applicable  to  the 
inspection  operation.  Identitv  of  such  Inspection  Instructions  are  entered  at  the  appli- 
cable inspection  point.  Upon  completion  of  the  inspection  operation,  the  Inspection 
Instruction  is  attached  to  the  shop  order  or  entered  in  tho  logbook.  A typical  Inspection 
Instruction  is  Illustrated  in  Attachment  C. 


3. 2.. 3 Drawings  and  Changes.  Configuration  management  of  design  documentation 

changes,  including  specifications  and  procedures,  will  be  maintained  by  a Program 
Data  Control  Unit.  When  design  documentation  revisions  are  released,  the  revisions, 
along  with  necessary  operations  for  rework  or  replacement,  are  posted  to  the  affected 
shop  orders  or  logbooks,  approved  by  Quality  Engineering  and  released  to  Manufacturing. 
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When  the  work  is  presented  for  inspection,  the  inspector  verifies  from  the  Data  Control 
Unit  the  effective  revision  of  the  document  in  order  to  cross-check  Planning  and 
Manufacturing  and  assure  that  the  current  drawing  requirements  have  been  complied 
with.  For  record  purposes  the  inspector  enters  the  revision  letter  used  for  inspection 
adjacent  to  his  acceptance  stamp. 

Changes  affecting  purchased  articles  are  communicated  to  suppliers  and  to  Receiving 
Inspection  via  changes  to  the  purchase  order  or  subcontract. 


3.2.4  Design  Review.  As  previously  described,  Quality  Engineering  reviews  and 
participates  in  the  approval  of  design  and  test  definition  documents  and  changes  for  the 
purposes  cited,  including  initiation  of  Reliability,  Maintainability  and  Safety  reviews 
where  necessary.  Quality  Engineering  approval  is  indicated  by  signature  in  the  docu- 
ment sqiproval  block  or  revision  block.  QuaUty  Engineering,  Reliability,  Maintainability 
and  Systems  Safety  also  participate  in  formal  design  reviews  conducted  by  the  program 
with  the  customer. 


3.2.5  Records.  Records  are  accumulated  and  maintained  in  the  Data  Control  Unit 
ana  provide  a complete  fabrication  test  and  quality  history  of  system  hardware  during 
production  and  after  delivery. 

Records  of  program  support  activities,  e.g.,  test  equipment  calibration  records, 
personnel  training  and  certification  records,  are  maintained  within  the  organizations 
performing  the  supporting  service. 

Typical  of  Quality  records  maintained  in  the  Data  Control  Unit  are: 

• Receiving  Inspection  Records  - includes  copy  of  Purchase  Order  bearing 
evidence  of  inspections  performed  and  results,  supplier  analyses  and  accept- 
ance test  data,  completed  Inspection  Instructions  and  other  documentation 
pertinent  to  the  supplies  received. 
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Shop  Orders  - completed  copies  bearing  evidence  of  operations  and  tests 
completed,  Inspections  performed  and  accepted,  discrepancies  detected  and 
resolved  and  Material  Kevlew  actions. 

Logbooks  - completed  original  copies  of  system  logt>ooks  providing  assembly, 
test  and  configuration  history  of  each  system,  including  discrepancies  and 
Material  Review  actions. 

• Nonconformance  Reports  and  Material  Review  Records  - completed  documents 
referenced  to  the  part/ assembly  to  which  they  apply. 

• Supplier/Subcontractor  Audit  and  Approval  Records 

• Laboratory  Test  Reports 

• In-process  and  acceptance  test  data  referenced  to  the  tested  article  by  part 
and  serial  number. 

• ■ Miscellaneous  records  and  documents  pertinent  to  the  history  of  systems 

hardware. 

3.2.6  Corrective  Actions.  Corrective  action  in  this  context  Is  defined  as  any  action 
necessary  to  prevent  recurrence  of  a problem  or  repetition  of  an  undesirable  action, 
as  opposed  to  correction  of  an  existing  discrepancy.  The  need  for  and  nature  of  correc- 
tive action,  and  responsibility  for  its  initiation  will  normally  be  determined  during 
Material  Review  activities  resulting  from  detection  of  a discrepant  article  or  functional 
anomaly.  When  employed,  the  corrective  action  to  be  taken  will  be  documented  in  the 
appropriate  space  on  the  Non-Conformance  Report. 


3.3  Measuring  and  Test  Equipment.  Tools  gages,  instruments,  and  test  equipment 
used  for  fabrication.  Inspection,  test,  and  acceptance  of  hardwaTU  are'  maintained  in 
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current  calibration  LMSC's  Measurement  Standards  Laboratory  in  accordance  with 
a calibration  program  responsive  to  MIL-C-4S6G9A.  The  laboratory  maintains  records 
of  calibration  dates  and  "next  due"  dates,  identity  and  location  of  equipment  and  rou- 
tinely notifies  using  organizations  of  impending  recalibration  requirements.  Inspection 
personnel  routinely  verify  that  measuring  and  test  equipment  available  in  the  fabrication 
and  test  areas  is  in  curicnt  calibration  and  assures  that  equipment  which  is  out  of  cur- 
rent calibration  or  possibly  malfunctioning  is  removed  from  service  and  returned  to  the 
Measurement  Standards  Laboratory. 


3.4  Process  Controls 


3.4.1  Certification.  Initial  certification  and  periodic  recertification  of  required  special 
process  equipment,  processes  and  personnel  is  accomplished  on  an  LMSC-wldc  basis  for 
processes  such  as  welding,  brazing,  soldering,  heat  treating,  plating,  cleaning  and  non- 
destructive testing.  Records  of  all  certifications  and  recertifications  are  maintained 
and  available  for  review  if  required. 

Operators  and  inspectors  undergo  testing  to  demonstrate  their  proficiency  in  a given 
process,  and  when  results  are  satisfactory,  are  issued  identification  to  that  effect. 
Assurance  of  continued  proficiency  is  accomplished  by  observation,  periodic  retesting, 
and  additional  training  when  required.  Inspection  routinely  verifies  toat  operators 
possess  current  certification. 

Processes  are  described  and  controlled  by  a comprehensive  Manual  of  Manufacturing 
Process  Specifications  (MPS)  developed  by  LMSC,  'These  MPS  provide  step-by-step 
instructions,  for  welding,  crimping,  plating,  wire  wrap,  machining,  cleaning,  and 
other  processes;  and.  contain  acceptance  criteria. 

More  comprehensive  control  is  required  for  maintaining  cleanliness  of  the  optical, 
electronic  and  thermal  control  surfaces  on  the  Teal  Ruby  components.  A comprehensive 
contamination  control  plan  (LMS-5699522)  shall  be  Implemented  to  control  contamination 
sensitive  materials  according  to  FED-STD-209. 
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3.5  Indication  ot  InapecHott Status.  Indication  of  Inspection  statrs  of  all  parts, 
materials,  and  subassemblies  will  be  maintained.  Purchased  items.  Inspected  and 
accepted,  are  Identified  with  the  "A"  stamp  on  the  part  except  In  the  case  of  small 
bulk  articles,  where  stamped  tags  are  used  both  for  Identity  and  for  Inspection  status. 
Status  of  In-process  fabricated  articles  and  s'.ibassemblles  Is  indicated  by  the  presence 
of  the  "A"  stamp  on  the  shop  order  at  the  last  operation  completed  and  inspected.  Upon 
completion  and  acceptance,  the  shop  order  is  annotated  with  the  "built  to"  revision 
letter  and  application  of  the  "A"  stamp  to  denote  completion  and  acceptance . The  part 
is  similarly  identified  either  directly  or  on  tags. 

A "D"  stamp  placed  on  a shop  order,  test  operation  or  logbook  indicates  rejection  of 
the  particle  or  operation  with  the  reason  for  rejection  annotated  adjacent  to  the  "D" 
stamp  and  further  detailed  in  the  related  documentation.  The  discrepant  item  is  identi- 
fied by  attachment  ot  the  "D"  tag  and  segregated  from  accepted  supplies  pending 
disposition. 


< 


I 
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3.6  Customer /Government  Property  Control.  Customer/Government  Furnished  ^ 

Property  (GFP)  provided  for  use  in  the  program  will  be  handled  and  controlled  in  I 

accordance  with  existing  LMSC  procedures.  Summarized,  these  procedures  provide  | 

for:  I 

3.6.1  Inspection  of  GFP  upon  receipt  to  verify  the  proper  quanity  and  Identification  J 

of  items  in  accordance  with  shipping  documents,  and  the  absence  of  shipping  damage.  ^ 

• I 

I 

3.6.2  Removal  of  accepted  GFP  to  a segregated  storage  area  to  prevent  degradation  S 

during  storage  and  to  prevent  access  by  unauthorized  personnel. 


3.6.3  Reporting  of  damaged  or  defective  GFP  to  the  cognizant  Government  agencies  | 

and  safeguarding  items  from  further  damage  pending  receipt  of  disposition  instructions. 
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3.6.4  Inspection  surveillance  during  storage  to  ensure  that  proper  conditions  are 
maintained  and  that  reinspection  requirements.  It  any,  are  complied  with. 


3.6.5  Documentation  of  all  inspections,  and  other  actions  affecting  GFP. 


3.7  Nonconforming  Materlal/Materlal  Review.  Supplies  which  do  not  conform  to 
engineering,  quality,  or  workmanship  requirements  are  identif'ed  and  segregated  from 
production  pending  completion  of  Material  Review  action. 

Discrepancies  detected  in  Receiving  Inspection  are  documented,  identified,  and  held 
in  the  receiving  area,  then  routed  Jirou^  the  Materiel  Organization  to  Material  Review 
for  disposition. 

Discrepancies  detected  during  fabrication  or  assembly  are  recorded  on  the  affected  shop 
order  or  logbook  operation.  Those  which  are  minor  and  can  be  restored  to  drawing 
requirements  by  rework  or  completion  of  processing  are  returned  to  Manufacturing  and 
accepted  on  satisfactory  completion.  B'unctional  failures  or  disctcprncies  affecting 
form,  fit  or  function,  and  discrepancies  detected  on  supplier  hardware  are  docum'nted 
on  a Non-Conformance  Report  (NCR)  and  submitted  to  Material  Reidew  for  disposition. 

A D-stamped  tag  is  attached  to  the  material  which  is  then  segregated  from  production 
in  a controlled  storage  area  pending  determination  and  completion  of  disposition 
instructions . 

For  expedience  in  determining  disposition  of  nonconformances  the  Material  Review 
activity  will  be  accomplished  Jointly  by  the  Quality  Engineer  and  Progi'am  Office- 
designated  Engineering  representatives,  assisted  by  other  organizations  as  required. 
When  appropriate,  the  Material  Review  members  require  or  recommend  corrective 
action.  The  Quality  Engineer  maintains  control  of  the  NCR  from  initiation  through 
completion  and  closure,  completing  logs  and  records  as  necessary  to  prov  ie  status, 
assure  timely  completion  and  proper  distribution,  and  to  collect  failure  data. 
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This  system  has  been  found  to  be  entirely  adequate  by  R&DD  for  use  on  low  volume 
programs  and  is  employed  in  lieu  of  a formal  Material  Review  Board. 


3.8  Preparation  for  Delivery.  Formal  delivery  will  be  accomplished  via  the  R&DD 
Materiel  Shipping  Document  which  will  itemize  major  hardware  items  comprising  ;he 
system  along  with  documentation  items  identif'ed  in  the  Statement  of  Woi’k.  Quality 
Engineering  will  prepare  these  documents  to  accomplish  transfer  of  the  systems  from 
LLiSC  to  the  agency  and  destination  cited  in  the  contract  Statement  of  Work. 


3.9  Material  Retur  '.cd  from  the  Field.  Material  returned  to  LMSC  from  post- 
delivery  activities  in  the  field,  for  repair,  rework  and/or  retest,  will  receiva  the  same 
level  of  Quality  Assurance  support  as  provided  to  original  materials,  components  or 
assemblies,  whether  they  were  purchased  or  fabricated  by  LMSC. 


i 
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Attachment  B to  LMSC-5699539 
PRELIMINARY  INDEX  OF  PROGRAM  DIRECTIVES 
PERTAINING  TO  PRODUCT  ASSURANCE 


I 


I PURPOSE  OF  PROGRAM  DIRECTIVES 

1.0  PROGRAM  ORGANIZATION  AND  MANAGEMENT 

2 . 0 QUALITY  ASSURANCE 

2. 1 Control  of  Supplier  Quality/Procurement  Documents 

2.2  Receiving  Inspection 

2.3  Inspection  Instructions 

2.4  Manufacturing/Test  Inspection 

2 . 5 IndlcaM  on  of  Inspection  Status 
2.<’  Nonconformance  Report  (NCR) 

2.7  Nonconforming  Material  Review/Control 

2.8  Program  Acceptance  Procedure 

2.9  Logbooks 

3 . RELUBILITY/MAINTAINABILIT  Y 


; a 


I i 


3.1 

3.2 

3.3 

4.0  SAFKTY 

4 . 1 Review  Design  Specifications 

4 . 2 Design  Reviews 

4.3  System  Hazard  Analysis 

4.4  Operational  hazard  Analysis 
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U&DD  PRODUCT  ASSURANCE 
INSPECTION  INSTRUCTION 

Tj-.'S  oC  Source  or  Receivinc  pf^T  AVAILABLE 

!!!\x\lv«re : Cryolab  VaXves  l/U  — 

::o. : 1/3815x93  Sev. 

Hefovcnce:  LVSC  I'.O.  !l (.'ts// ) 

Supplier 

Innpoction  Inctruiiento:  Sta'.'.dard  Kcasureiicnt  Insirments  (SMI) 

Discrepancy  Reporliry,:  Record  discrepancies,  iP  any,  on  L"SC  roir.  897A-3 

I'iitorial  Kold/Request  for  correction.  Refer  to  t;:o  ?/iDD 
Product  Assura/'.ce  R''presentativo  (receiving  only,  for 
source  report  per  iten  below). 

i.'oto : (xsp  lias  been  imposed  on  this  iten.  7na’''.et 

Requi rements : 

..  V"'iry  corf. V,n:vi',ion  is  per  B/P  LC  315193  

Verify  inatorial  oortifio-ation  for  6(Xjl  alu.’.".inu.u  

3.  Visually  in.syeot  psrts  per  vendor  3/P  

■'1.  Inspect  t'.sroad.s  for  type  i-nd  clsss  per  B/p.  

5.  Verify  ease  of  enf.acc-ncnt,  no  cnllirc  or  cross-threudinf,  

6.  Verify  valve  <'o-T';'on"nt!:,  o-rln";:  .end  o-riry;  crooves/r.atins 

su'-facos  free  from  dust  and  chips  

7.  Verify  o-rlr.q  (Ti'oovos/retin';  .surf.accs  fi'oo  fro'i  scratciie.s  end 

confoin  to  fixiis’n  I'oauirciionts  of  vendor  3/?'s  

b.  Verify  ditn'-nsion  "A"  per  B/P  tc0l5193  

9.  K.‘  tncss  acooptaree  lest . 

10.  i’r'‘U.'’‘'o  Pe.r’  159‘'-A— 'i.  Suppli‘'r  D;r.''oi';'’''!’.oe  Analysin/ 

p.-or'uct  q'<;ilily  V'erifneitio”  R-'port  (Source  Inspection  only)  

fs3®a;v-:d  hi 
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FOREli’ORD 


Tnis  system  Safety  Program  Plan  has  been  prepared  by  Lockheed 
Missiles  b Space  Company,  Inc.  (LMSC),  as  partial  fulfillment  of 
the  required  CDRL  material  for  Item  009A2  of  the  Teal  Ruby  Phase  I 
Contract.  This  plan  will  be  updated  after  Phase  II  contract  award 
and  will  then  form  the  basis  for  all  contract  system  safety  effort. 
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1.0  SCOPE 

1. 1 Purpose.  This  plan  establishes  the  system  safely  program  'vhlch  will  be 
Implemented  by  LMSC  for  ihe  Teal  Ruby  Experiment  Program.  It  describes  the  means 
and  methods  which  will  be  used  to  identify  and  control  hazards  during  the  design, 
fabrication,  test,  prelaunch  and  on-oibit  operations  of  the  Teal  Ruby  Experiment. 

1.2  Objectives.  An  active  system  safety  program,  initiated  in  the  conceptual  design 
phase  of  a program  and  continued  through  the  launch  phase,  contributes  to  an  increased 
reliability  and  safety  effectiveness.  The  importance  of  starting  a system  safety  effort 
early  in  the  program,  by  interfacing  with  design  engineers  and  by  developing  system 
design  safety  criteria,  is  emphasized. 

This  System  Safefy  Program  Plan  (SSPP)  is  LMSC's  management  and  engineering 
plan  for  the  accomplishment  of  the  applicable  system  safety  tasks  in  consonance 
with  MIL-STD-882,  This  plan  has  been  tailored  to  make  the  Teal  Ruby  safefy  program 
adequate,  meaningful,  and  cost  effective. 

The  Teal  Ruby  SSPP  will  be  generated  and  submitted  in  two  Increments,  a draft  and 
a final  plan.  This  document  is  the  draft  version  written  to  provide  recommended 
effort  for  Phase  II.  The  final  SSPP  will  bo  delivered  20  days  before  CDR  and  will  be 
formulated  to  be  responsive  to  the  contract  Statement  of  Work,  paragraph  3, 7. 4. 3. 

1.3  Applicable  Documents  — The  following  documents  are  applicable  to  the  system  safefy 
engineering  portion  of  the  Teal  Ruby  Phase  n contract  to  the  degree  specified  herein. 
These  documents  will  apply  to  all  phases  of  the  program  and  include  applicable  internal 
LMSC  directives. 


MIL-STD-1574 


MIL-STD-882 


SAMSOM  127-1 
SAMSOM  127-8 


System  Safefy  Program  Requirements  for  Space  and  Missile 
systems 

System  Safefy  Program  for  Systems  and  Associated  Sub- 
systems and  Equipment 

Safefy,  Plans.  Programs,  and  Procedures 
system  Safefy  Engineering 
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' ! SAMSO  Pamphlet  127-5 

I ! AFSC  DH  1-6 

r!  AFETRM  127-1 

I LMSC  D457036 

■ LMSC  5699516  (S) 

I j (No  Number) 


Standard  Satellite  Safety  Design  Criteria 
AFSC/NASA  Design  Handbook,  System  Safety 
Range  Safely  Manual,  Vol.  I 
Systems  Safety  Engineering  Manual 
ARPA-601  Payload  Requirements  Questionnaire  (U) 
Safety  Policy  and  Requirements  for  Payloads  Using  the 
Space  Transportation  System,  NASA  Headquarters, 
June  1976 
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2,0  ORGANIZATION  RESPONSIBIUTIES  AND  AUTHORITY  (SYSTEM  SAFETY) 

The  system  safety  effort  will  be  performed  by  a system  safety  engineer  assigned 
to  the  program  from  the  Product  Assurance  organization.  The  system  safety  engineer 
thus  can  perform  an  independent  audit  function,  outside  the  program  engineering 
organization.  The  Product  Assurance  Manager  report^s  directly  to  the  R&DD  Vice 
president  and  General  Manager,  thus,  assuring  the  desired  independence. 


2.1  Organization,  The  relationship  of  the  system  safety  organization  to  program  | 

engineering  is  shown  in  Fig.  2-1.  The  Safety  Engineer  is  assigned  to  the  project  by  | 

the  Manager  of  Product  Assurance  and  is  directly  responsible  to  him.  This  position  | 

has  the  advantage  of  a true  audit  hmction  with  direct  access  to  the  R&D  Division  | 

General  Manager.  The  Safety  Engineer  interfaces  directly  with  the  Teal  Ruby  I 

engineering  group  in  both  design  and  test  and  is  physically  located  with  the  engineering  | 

groups  for  the  performance  of  the  tasks.  | 

I 

2.2  Responsibility  and  Authorities.  The  interrelationship  between  the  various  t 

segments  of  Fig.  2-1  are  as  follows.  I 


2.2.1  Program  Manager.  The  Program  Manager  has  the  ultimate  responsibilitiy  j 

for  the  safety  of  the  Teal  Ruhy  progran  He  wiU  obtain  the  assistance  of  the  R&DD  j 

Product  Assurance  organization  to  conduct  this  System  Safefy  Program  Plan.  The  | 

Program  Manager  will  approve  all  interface  activities  with  the  NASA/boD  organization  I 

on  safety  matters.  ( 

I 

2.2.2  Product  Assurance  Program  Representative  (PAPR).  The  PAPR  is  responsible  ' 

for  accomplishing  the  system  safety  program.  The  Systems  Safety  Engineer  assigned 
to  the  program  will;  I 

I 

(a)  Provide  safety  design  and  test  requirements  and  criteria  and  assure  that 

they  are  properly  Incorporated  into  work  statements  and  hardware  specifications  I 

(b)  Perform  Systems  Hazards  Analyses  and  safety  evaluations  as  required  on  | 

areas  presenting  the  greatest  risks  I 

i 

i 
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(0) 

(d) 

(e) 

(J) 

(g) 

(h) 

(1) 


(j) 

i 

I 
I 

j 2.2.3  Systems  Engineering.  Systems  Engineering  provides  the  design  interface 

j betv/een  the  Program  Manager  and  the  Product  Assurance  Program  Representative 

I and  as  such  has  the  responsibility  of  coordinating  the  engineering  design  safety  effort. 

I 

2.2.4  Design  Organization.  Each  responsible  design  organization  will  incorporate  the 
safety  requirements  into  detail  specifications  and  applicable  work  statements.  The 
j design  organizations  will  be  responsible  for  providing  a design  which  will  meet 

i established  requirements.  They  will  also  include  safety  considerations  in  their 

t design  review. 

I 

i 


Evaluate  the  results  of  failure  modes  and  effects  analysis  and  other 
reliability  analyses  and  use  them  in  the  performance  of  safety  analyses 
Assure  that  design  reviews  give  adequate  consideration  to  safety 
Review  manuals  and  training  courses  prepared  for  the  Teal  Ruby  Experiment 
and  assure  that  adequate  safety  information  has  been  provided 
Review  and  approve  test  plans  for  adequate  safety  demonstration  requirements 
and  operational  safety  considerations 
Recommend  and  describe  safety  tests  and  test  requirements  j 

Prepare  necessary  safety  documents; 

— Test  plans  and  results 

— Hazards  identification  and  analysis 

— Revisions  of  System  Safety  Program  Plan  ; 

Interface  with  subcontractors  of  subsystems  or  major  components  to 

ensure  that  subcontractors  provide  adequate  hazard  analyses  of  their  sub- 
systems. The  Safety  Engineer  will  also  input  Into  any  subcontract  negotiations 
the  system  safety  requirements  to  be  negotiated  with  a potential  supplier/ 
subcontractor. 

Provide  periodic  inputs  to  program  reports  on  the  status  of  system  safety 
tasks,  results  of  any  hazard  analyses  and  recommendations  for  improved 
Teal  Ruby  system  safety. 
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2.2.5  Te"!  Engineering,  i'est  Engineering  is  respone'ble  for  planning  and  con'lucting 
tests  to  obCaln  cr  validate  engineerin'-  data.  Test  Engineering  will  ensure  that  test 
and  operattig  procedures  Inolude  safety  instructions  necessary  to  protect  personnel 
and  property  during  the  tests  and  that  these  procedures  have  been  reviewed  and 
approved  by  the  Safety  Engineer. 

2.2.5  R&DD  Product  Safety  Advlso-y  Board.  The  I.i!sDD  Product  Safety -••dvisory 
Board  is  composed  of  technical  representatives  from  all  R&DD  organizations  and  the 
Product  Assurance  Program  Represenmtive.  The  Board  will  conduct  the  Idtial 
safety  reviews  of  jie  Teal  Ruby  System.  These  techni-al  reviews  complement  the 
design  revie’v  program  and  address  U^emselves  specifically  to  system  safety  through- 
out t'le  produ't  life  cycle.  The-Board  w*!!  make  a-'propriate  recommendations  for 
the  improvement  of  prochict  safety  and  notify  the  responsible  program  manager  and 
managers  of  affected  organizations.  Action  on  the  recommendations  '..-ill  be  monitored 
until  such  time  that  the  Be  :rd  considers  th-)  action  acceptable  for  close-out  of  tiie 
recommendation.  Additional  reviews  may  he  held  at  any  time  to  irvestigate  newly 
dlsooveied  hazrrds,  design  change."  affecting  safety,  or  procedural  problems. 

2.2.7  LMSC  Product  Safety  Boatd.  The  LMSC  Product  Safety  Boa.d  has  beut 
established  by  the  President  of  LMSC  to  schedule  periodic  "evlews  of  major  programs 
and  evaluate  overall  safety  aspects.  The  Board  is  chaired  by  the  Director  of  Operations 
Services,  ./ho  reports  to  the  LMSC  1-resident,  ard  is  composed  of  senior  scientific, 
technical,  and  management  personnel.  It  is  responsible  for  reviewin;,  and  evaluating 
in  depth  the  adequacy  of  the  safety  of  all  products,  sysL-ms,  programs,  and  instal- 
lations where  marmed  operations  are  {'.i.volved.  As  a minimum,  a Product  Safety  board 
review  consists  of  sojupling  the  following; 

w Program  safety  plans  and  implementation  thereof 

• Safety  analyses 

• Test  clans,  procedures,  and  results 
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I 2.3  Progra’^J  Relatlonshlna,  la  addition  to  the  functional  relationship  by  responsroillly 

' and  authority  dleiiussed  In  section  2.",  the  system  safety  activities  will  maintain  a 

1 close  awareness  of  the  prcgram  activities  of  other  organizations.  The  system  safety 

engineer  will  be  physicahy  loc  ''.ted  in  the  same  area  as  other  program  engineering 
^ activities  and  will  make  himself  &millar  with  all  other  support  activities  which  can 

possibij’ result  in  a compromls  t of  die  safety  cf  the  system. 
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3.0  SYSTEM  SAFETY  PROGRAM  AHLESTONES 

Milestont  t associated  with  the  system  safety  effort  are  coordinated  with  the  overall 
program  schedule.  The  majo>‘ deliverable  Itemc  and  activities  are  listed  In  Table  3-1, 


Table  f 1 

MILESTONES,AND  SAFETY  jiVENTS 


1 Ml!  astone/F’rent 

1 

Due  Date 

Disposition 

Safety  Objective 

! 1.  System  Safety  Program  Plan 

20  days  prior  L* 

Formal 

• 

Assign 

i , (Revision  of  Draft  SSl'P) 

j 

CDii 

• 

responsibilities 
Define  tasks 

I 

• 

Establish  criteria 
and  requirements 

j 2.  Preliminary  Draft 

30  DAC 

Internal 

Identify  potential 

Hazard  Analysis 

t 

i 

• 

hazards 

Influence  design 
oifort  by  hlgh- 
llghtbig  hazard 
elimination  during 
design  phase 

; 3.  Safety  Criteria  to 

30DAC 

liitemal 

• 

Specify  safety 

I Engineering 

j 

criteria  to  inllueiive 
design 

j 4.  Prepare  Safety  Inputs  for 

7 days  prior  to 

Formal 

• 

Prepare  review 

I Deslca  Reviews  and 

CDR  plus  bill  rnal 

material 

' Tradeoff  sts'dles 

Inputs  as  required 

• 

Describe  safety 
results 

• 

Rerommeittl 

Safety’  related 
design  changes 

5.  Review  and  Approve 

As  required  prior 

None 

• 

Evaluate  the  safeness 

Proour-ment  Specs. 

to  m'lierlal  requi- 

of specified  articles 

sition  Input 

• 

-Add  supplier  safety 
requirements 

6.  Review  ^id  approve  Inter- 

As required  prior* 

None 

• 

Evaluate  the 

face  Control  Documents 

to  release 

Interface  safety 

aspects 
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Tabli  3-1  (Cent.) 


Milestone/Evtet 


7.  Establish  Safety  Data  Bank  Continuously 
and  update 


Disseminate  Subsystem 
Haitard  Analysis 


20  days  prior  to 
CDR 


Disseminate  System 
Hazard  Analysis 


20  days  prior  to 
CDR 


10.  Disseminate  Operational 
Hazard  Analysis 


so  days  prior  t>) 
system  Qual  test 


Disposition  Safety  Objectives 

None  • Have  available  a data 

bank  Teal  Ruby 
safety  items 

• Maintain  a history 
of  Space  System 
related  accident 
data 

Internal  • Identify  potential 

hazards 

• Provide  subsystem 
safety  recommen- 
dations to  design 
engineers 

• Negotiate  safety 
related  design 
changes  within 
time/cost 
constraints 

Formal  • Identify  total  system 

I’uzards 

• Provide  system 
safety  recom- 
mendations to  design 
engineers 

• Negotiate  safety 
ra'ated  design 
changes  within 
time/cost  constraints 

Internal  • Identify  operational 

hazards  to  test 
engineering 

• Malie  safety 
recommendations  for 
tlie  test  phase 

• R?ivIow  and  approve 
test  plans  and 
procedures 

• Evaluate  and 
approve  emergency 
procedures 


11.  Submit  safety  test 
requireiaents 


?0  days  rizfore 
test 


Formal  - 
as  part  of 
system 
test  plan 


Define  detailed 
safety  plans 
Define  data  handling 
Define  test 
parameters 
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Milestone/Event 

Due  Date 

Disposition 

Safety  Objectives 

12.  Submit  Safety  Test  Plans 

60  days  before 

Formal  - 

• 

Define  detailed 

test 

as  part  of 

safety  plans 

System 

• 

Define  data 

Test  Plan 

• 

handling 

Define  test 
parameters 

13.  LMSC  Product  Safety 

• 

Present  total 

Advisory  Review 

system  overview 

Overview 

90DAC 

Internal 

to  board 

Safety  Review 

2 months  prior  to 

Internal 

• 

Obtain  board 

System  Qual  Test 

safety  approval 
for  test  phase 

12  months  before 

Internal 

• 

Obtain  board 

launch 

safety  approval 
for  delivery  to 
spacecraft 

contractor 

14.  LMSC  Product  Safety 

4 months  before 

Internal 

• 

Provide  final 

Board  Review 

launch 

LMSC  safety 
approval  for  STS- 
OFT  integration 

I 


I 

I 

I 


rl 
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4.0  SYSTEM  SAFETY  DEFINITIONS 

Nomenclature,  definitions,  hazard  categories,  and  probabilities  of  occurence  are 
in  accordance  with  MIL-STD-882  or  are  uniquely  defined  for  the  Teal  Ruby  system. 

Four  hazard  categories  have  been  uniquely  defined  for  the  various  program  activities 
and  sbc  probabilities  of  occurrence  definitions  have  been  generated  which  are  applicable 
to  the  Teal  Ruby  Phase  H contract. 

4.1  Definitions 

4.1.1  Safety.  Freedom  from  those  conditions  that  can  cause  injury  or  death  to 
personnel,  damage  to  or  loss  of  equipment  or  property. 

4.1.2  System.  A composite,  at  any  level  of  complexity,  of  operational  and  support 
equipment,  personnel,  facilities,  and  software  which  are  used  together  as  an  entity 
and  capable  of  performing  and/or  supporting  an  operational  role. 

" • i. 

4. 1.3  System  Safety.  The  optimum  degreVof  safety  within  the  cqpstraints  of 
operational  effectlyeness,  time,  and  cost,  attained  through  specific  application  of 
system  safety  management  and  engineering  principles  throughout  all  phases  of  a 
system's  life  cycle. 

4.1.4  Facility  Safety.  Facility  safety  pertains  to  the  employee  working  situation  in 
which  hazards  are  controlled  by  the  nature  of  plant  facilities  and  procedures  established 
and  enforced  in  accordance  with  the  OSHA.  Facility  safety  is  primarily  concerned 
with  such  items  as  adequate  lighting,  established  emergency  warnings,  eyacuation 
procedures,  fire  preyention,  medical  supplies  and  services,  toxicity  controls,  and 
other  safeguards  to  protect  personnel  from  potential  Inplant  hazards. 


4.1.5  Hazard.  Any  real  or  potential  condition  that  can  cause  injury  or  death  to 
personnel,  or  damage  to  or  loss  of  equipment  or  property. 
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4.2  Hazard  Category.  In  order  to  have  a qualitative  measure  ol  hazards  stated  in 
relative  terms,  the  following  hazard  levels  are  defined  and  established.  They  repre- 
sent conditions  of  human  error,  environment,  design  characteristics,  procedural 
deficiencies,  or  subsysteni  or  component  failure  or  malfunction.  Four  hazard  levels 
or  categories  are  defined  in  MIL-STD-882  as  shown  in  the  table  are  additional  Teal 
Ituby  related  conditions  which  also  help  define  the  hazard  categories.  These  categories 
are  used  in  determining  the  severity  and  the  urgency  of  correcting  the  hazard  in  the 
hazard  analysis  effort  to  be  discussed  in  Section  5. 

4.3  Hazard  Probability  of  Occurrence.  Another  measure  of  the  impact  of  a hazard  on 
the  system  is  to  assign  a probabilify  of  occunence  to  tlic  hazard.  This  quantitative 
value,  based  eitlier  on  actual  reliability  values  or  on  intuitive  estimates,  is  combined 
with  the  hazard  category  to  assess  the  severity  of  each  selected  hazard.  Probability 
of  occurrence  levels  to  be  used  in  the  hazard  analysis  effort  are  defined  in  Table  4-2. 

4.4  Hazard  Index.  The  Incentive  to  redesign  or  incentive  to  eliminate  or  control 

a hazard  is  Indicated  by  the  hazard  index.  This  index  value  is  simply  a multiplication 
of  the  hazard  category  and  the  probability  of  occurrence  level.  For  example,  a 
Category  II  hazard  with  a probability  of  occurence  level  of  3 has  a hazard  todex  of  6. 
LMSC  places  a "must  resolve"  emphasis  on  any  hazard  with  an  index  of  6 or  greater 
and  a "correction  desirable"  emphasis  on  items  with  indices  of  5 or  less. 

4.5  System  Safety  Precedence.  In  the  resolution  of  an  identified  hazard,  there  are 
very  often  different  solutions  which  can  be  found.  These  solutions  must  be  evaluated 
as  to  cost,  schedule,  program  objectives,  and  the  personnel  interface  requirements. 
System  safety  engineering  hazard  analyses  will  recommend  action  to  resolve  identified 
harzards  in  accordance  with  the  following  priority  order  while  at  the  same  time 
considering  the  above  related  factors: 

• Priority  1 Designed  for  minimum  hazard  — in  the  normal  use  of  the 
components 

• Priority  2 Safety  Devices  —used  to  reduce  the  hazard  potential  to  an 
acceptable  level 
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• Priority  3 Warning  Devices  — Incorporated  to  provide  adequate  warning 
and  to  minimize  the  probability  of  incorrect  personnel  reaction 

• Priority  4 Special  Procedures  — written  to  guide  the  correct  operation  of 
the  system 

Table  4-1 


Category 
I - Negligible 


MIL-STD-882 

Will  not  result  in 
personnel  injury  or 
system  damage 


II  — Marginal  Can  be  counteracted  or  • 
controlled  without 
serious  injury  to  per-  • 

sonnel  or  major  sys 
tern  damage.  Injury  • 

is  limited  for  first-aid 
care.  • 

m — Critical  Will  cause  minor  per-  • 

sonnel  Injury  or  major 
system  damage,  or  will  • 
require  immediate  cor- 
rective action  for  per-  • 

sonnel  or  system  sur- 
vival. Injury  will  re-  • 

quire  hospitalization 

IV  — Catastrophic  Will  cause  death  or  • 

severe  Injury  to 
personnel  or  system  • 

loss  • 


Additional  Teal  Ruby 

Will  result  in  only  loss  of  some  data 
or  degraded  performance  on  groimd, 
subsystem  tests 

Will  cause  aesthetic  damage  or  damage 
which  need  not  be  reapaired  to  continue 
the  launch  preparation. 

Will  result  in  loss  of  data  which  requires 
the  tests  to  be  rerun 
Will  cause  minor  damage  to  test  hard- 
ware but  damage  is  repairable. 

Will  require  a procedure  to  avoid  a 
more  serious  problem. 

Will  require  laimch  operations  to  be 
terminated  or  delayed. 

V/ill  cause  extensive  system  damage 
during  test  or  orbital  operations. 

Will  require  emergency  type  procedures 
to  counteract  a major  problem. 

Will  result  in  decreasi^  capability  of 
tlie  satellite 

Will  cause  minor  SVS  damage 

Will  result  in  loss  of  satellite  or 
satellite  mission  capabil% 

>7Rl  cause  major  SVS  damage 
Will  result  in  major  ground  based  system 
damage  which  terminates  the  program. 
Will  cause  SVS  crew  minor  injury. 
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Table  4-2 

HAZARD  PROBABILITY  OF  OCCURRENCE 

s; 

f; 

Level  ProhabUi^  Teal  Ruby  Program  Conditions 

6 1 to  lO"^  Anticipated  to  occur  during  testing  or  during 

on-orbit  operations 

-1  —3 

5 10  to  10  Expected  to  occur  at  least  once  during  test 

activities  but  cannot  occur  during  on-orbit 
operations 

-3  -5 

4 10  to  10  The  event  is  foreseeable  but  probably  cannot 

be  controlled  by  procedures 

3 lO”®  to  lO"®  The  event  is  not  expected  to  occur  but  it  can 

be  postulated  by  a single  failure. 

— fi  — fi 

2 13  to  10  The  event  is  not  expected  to  occur  but  it  can 

be  postulated  by  at  least  a double  failure. 

-8 

1 >10  hnpossible  to  occur 
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5.0  SYSTEM  SAFETY  ANALYSIS 

1 Safety  analyzes  are  essentially  orderly  procedures  for  assembling  factual  material, 

analyzing  the  collected  facts  to  identify  hazards,  and  determining  the  adequacy  of 
controls.  The  initial  analysis,  will  be  updated  and  expanded  into  a subsystem, 
system,  and  an  operational  hazard  analysis,  as  the  system  progresses  through 
the  development  and  operational  phases. 

Each  analysis  will  begin  as  soon  as  the  input  information  is  available.  Delivery  of 

the  analysis  findings  to  engineering  as  they  become  known  will  assist  in  reducing 

1 costs  and  in  applying  adequate  controls  to  the  design  as  it  develops. 

' i‘ 

i- 

5. 1 Preliminary  Hazard  Analysis.  A preliminary  hazard  analysis  will  be  performed 
during  the  first  3 months  of  Phase  11.  The  analysis  will  identify  hazards  to  components 
and  personnel  and  will  recommend  ccrrecUve  action  to  lessen  the  hazard  degree. 

This  effort  will  be  performed  through  a review  of  the  initial  design  concept  drawings, 
a review  and  awareness  of  applicable  reference  documents,  and  through  an  active 
interface  with  design  and  test  engineers. 

The  preliminary  analysis  effort  will  use  Phase  I drawings  and  the  Phase  1 Potential 
Hazardous  Equipment  List  included  in  Section  13  of  the  ARPA  601,  Payload  Requirements 
Questionnaire,  LMSC-S699516.  This  Potential  Hazardous  Equipment  List  was  developed 
; from  subsystem  engineers'  inputs  and  identifies  the  four  fluid  systems  with  a gas 

pressure  type  hazard  and  the  ordnance  devices  on  the  squib  operated  valves  in  the 
neon  tank  and  vacuum  jacket.  While  these  may  be  the  only  foreseeable  hazards  to 
personnel  on  the  spacecraft,  there  are  undoubtedly  other  hazards  to  personnel  on 
1 ground  support  equipment  and  high  voltage  gettering-fype  high  vacuum  pumps,  and 

I hazards  to  the  Teal  Ruby  system  in  both  the  satellite  and  the  ground  support  equipment, 

i The  preliminary  analysis  and  subsequent  hazard  analyses  will  attempt  to  identify 

■ the  majority  of  these  hazards. 
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It  is  important  to  have  the  hazard  analysis  as  complete  as  possible  irrespective  of  the 
hazard  index  level.  While  identified  items  which  have  a low  probabUity  of  occurrence 
or  a low  hazard  category  may  seem  "obviously  no  problem, " only  identified,  cataloged 
and  analyzed  items  are  known  to  have  been  considered.  An  unlisted  item  is  always 
suspect  and  remains  an  unknown  quantity. 

This  analysis  process  is  of  most  value  when  accomplished  early  in  the  program  and  up- 
dated with  early  engineering  design  concept  changes.  When  the  design  firms,  only 
"safety  and  warning  devices"  and  then  "procedures"  ere  economically  feasible  even 
though  their  use  is  less  desirable. 

5.2  Subsystem  Hazard  Analysis.  The  preliminary  analysis  will  be  used  as  a checklist 
and  foundation  of  a detailed  hazard  analysis  of  each  subsystem  to  determine  hazards 
created  by  the  subsystems,  either  to  themselves  or  to  related  or  nearby  equipment 
or  per.sonnel.  The  subsystem  hazard  analysis  will  include  a review  and  analysis  of 
component  final  drawings. 

The  major  components  to  be  analyzed  are  as  follows: 

(1)  Teal  Ruby  Sensor  Assembly 

(2)  Central  Control  Unit 

(3)  Hybrid  Onboard  Data  Processor 

(4)  Monolithic  Onboard  Data  Processor 

(5)  AOTF  Drive  Unit 

The  actual  subsystem  analysis  effort  will  be  facilitated  by  use  of  existing  LMSC 
standard  forms  and  is  accomplished  by  looking  for  hazard  considerations  listed  in  the 
following  list. 

• Subsystem  interrelationships 

• Performance  degradation 

• Hazardous  functional  failures 

• Wiring  diagram  failure  points 
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• Lack  of  redundancy  or  single  failure  points 

• Toxic  substances 

• Dissimilar  metals  interaction 

• Grounding 

• Sharp  corners  or  edges 

• Explosive  or  high  energy  actuators 

• High  voltages  and  protection 

• Connector  misconnection 

• Warning  and  caution  label  or  placard  requirement 

• Lack  of  mechanical  strength 

The  subsystems  analysis  and  the  system  analysis  which  follows  will  be  made  available 
for  Critical  Design  Review. 

5.3  System  Hazard  Analysis.  The  preliminary  analysis  and  the  identified  hazards 
of  the  subsystem  analysis  will  be  expanded  into  System  Hazard  Analysis  of  the  overall 
Teal  Ruby  Experiment.  The  techniques  and  forms  used  are  similar.  The  design 
and  test  engineer/system  safety  engineer  interface  will  continue. 

The  System  Hazard  Analysis  will  be  performed  to  identify  hazards  associated  with 
the  subsystem  interrelationships  and  the  Integration  of  the  system  into  the  spacecraft 
and  the  SVS.  It  will  consider  at  least  the  following: 

• Potential  hazards  of  equipment  layout,  mounting,  packaging,  connecting 
cables  and  connectors. 

• Assembly,  installation  and  maintenance  of  the  system 

• Data  accuracy  and  tolerance  requirements 

• Secondary  failure  influences 

• Spacing  and  environmental  conditions 

• Human  engineering  considerations 

Results  of  the  System  Hazard  Analysis  will  be  made  available  for  the  Critical  Design 
Review, 
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5.4  Operating  Hazard  Analysis.  An  Operating  Hazard  Analysis  Identifies  those 
operating  functions  which  could  be  inherently  hazardous  to  personnel,  or  In  which 
personnel  error  could  be  hazardous  to  personnel  or  the  system.  Major  inputs  to  this 
analysis  are  the  result  of  human  factor  studies  and  requirements.  Corrective  action 
may  be  a design  change,  or  the  development  of  safety  precautions,  procedures  and 
warnings  for  inputs  to  operating  manuals,  training  and  caution/warning  placards. 

The  initial  operating  analysis  is  performed  during  the  design  phase  to  influence  the 
design  before  CDR.  An  updated  analysis  is  then  prepared  prior  to  the  start  of 
system  qualification  testing.  The  analysis  will  require  continued  update  during  the  test 
program  to  keep  abreast  of  procedure  changes  and  new  safety  requirements. 

Data  sources  to  be  used  In  the  performance  of  the  analysis  are: 

• Operational  sequence  diagrams 

• Operational  and  functional  analyses 

• Equipment  and  control  panel  layouts 

• ^stem  and  subsystem  design  specifications. 

• Equipment  interface  drawings 

• Operating  and  maintenance  instructions/procedures 

• Emergency  procedures 

5.5  Fault  Tree  Analysis.  If,  because  of  added  concern  or  degree  of  complexity 

it  is  determined  that  additional  effort  must  be  accomplished  to  investigate  subsystem 
safety,  a fault  tree  for  the  subsystem  of  concern  will  be  constructed  showing  the 
cause-effect  relationship  between  undesired  event  and  one  or  more  contributing 
causes. 

The  analysis  can  be  completed  in  either  a qualitative  or  quantitative  form.  If 
probabilities  of  failure  or  mean  time  between  failure  data  are  available  for  components 
or  occurrences,  the  analysis  can  provide  a quantitative  estimate  of  a failure.  If 
probabilities  are  not  considered,  the  analysis  tends  to  be  a qualitative  analysis  and 
most  information  gained  is  also  qualitative.  In  the  course  of  performing  the  analysis, 
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the  analyzer  looks  for  failure  paths  with  single  failure  inodes  with  the  most  probable 
chance  of  occurrence.  These  critical  or  dominant  paths  and  their  combined  primary 
failure  modes  must  be  given  resolution  priority. 


LMSC  has  two  separate  systems  for  drawing  and  revising  fault  trees.  One  of  these, 
CADAM-Computer  Graphics  Augmented  Design  and  Manufacturing  System  is  mainly 
an  editorial  type  and  is  used  in  the  preparation  of  reports.  The  second  system, 
Fault  Tree  Graphics,  provides  the  user  with  the  capability  to  run  qualitative  and 
quantitative  analyses  on  fault  trees  and  to  generate  fault  tree  displays.  The 
quantitative  analysis  of  fault  trees  requires  the  added  input  of  system  component 
reliability  data.  Each  of  these  systems  will  be  given  careful  consideration  in  any 
fault  tree  analysis  effort. 
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6.0  SAFETY  ACTIVITIES  1; 

An  effective  system  safety  program  is  one  based  on  experience  from  related  programs, 
evaluation  of  the  system  at  hand,  dissemination  of  concerns  and  recommendations,  ’ 

and  surveillance  of  the  test  activities  in  addition  to  hazard  analysis  efforts  described 
in  Section  5.0.  Experience  involves  maintaining  data  files  of  accident  data  on  related  i ^ 

5 V 

programs  and  bringing  such  to  bear  on  the  Teal  Ruby  program.  Evaluation  involves  I; 

performing  the  analyses  of  all  engineering  drawings  and  procedures.  Dissemination 
of  system  safety  outputs  involves  distribution  of  the  analyses,  the  writing  of  reports 
and  safety  statements  and  the  active  interfocing  with  the  designer.  Surveillance 
involves  an  active  participation  in  the  test  and  evaluation  activities  and  the  continual 
update  and  revision  of  the  analyses  as  the  system  is  modified  to  overcome  any  test 
deficiencies . 

6.1  Safety  Data  Collection.  The  Safe^  Engineer  will  use  the  full  LMSC  capabilities  in 
obtaining  safety  data  on  Teal  Ruby-similar  programs.  The  available  computerized 
data  bases  of  the  Defense  Documentation  Center  and  NASA’s  Scientific  and  Technical 
Information  Facility  will  be  used  to  locate  relevant  available  system  safety  information. 

Also  currently  in  operation  on  the  premises  is  the  on-line  interactive  DIALOG  reference 

^ 1 retrieval  system  searching  into  the  data  bases  of  DoD,  NASA,  ERDA,  ERIC,  National 

j I Technical  Information  Services,  Library  of  Congress,  and  PANDEX. 

^ ! 6.2  Analysis  and  Test  Reports,  The  activities  under  this  plan  will  be  documented 

I I as  indicated  in  Table  3-1.  In  the  table,  under  Disposition,  the  word  "FORMAL" 

f ' implies  that  the  document  report  can  be  expected  to  be  a formal  transmittal  to  the 

I 1 customer.  The  word  "INTERNAL"  implies  that  a written  output  report  must  be 

I I given  internal  distribution  to  gain  the  maximum  benefit  from  analysis  or  test  activities, 

j I The  word  "NONE"  implies  that  the  activity  will  not  require  any  written  reports 

I I but  will  include  various  types  of  approval  steps  or  studies. 

li 

I I All  formal  reports  will  be  prepared  and  printed  in  accordance  with  the  standards  set 

for  all  other  Teal  Ruby  program  reports.  Internal  reports  will  generally  consist 
of  completion  of  LMSC  standard  forms  and  informal  memoranda. 
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6.3  Accident  Prevention.  Investigation,  and  Reporting.  The  Safety  Engineer  takes 
an  active  part  in  aceident  prevention.  Investigation,  and  reporting.  All  phases  of 
the  contract  and  operations  (assembly,  evaluation,  prelaunch,  launch,  and  on-orbit 
support)  will  be  monitored  to  detect  possible  unsafe  activities  or  procedures  before 
any  Injury  or  damage  occurs.  Any  discrepancies  noted  or  suspected  will  be  brought 
to  the  attention  of  the  person  in  charge  of  the  activity.  If  resolutions  cannot  be 
negotiated  at  the  lower  level,  the  Safefy  Engineer  will  use  the  Product  Assurance  chain 
of  command  to  increase  the  negotiation  levels  with  program  engineering  or  program 
management. 

The  Safety  Engineer  will  also  participate  in  any  accident  investigations  involving  program 
components.  He  will  assemble  an  accident  report  file  on  incidents  with  serious  potential 
hazards  or  for  accidents  with  a dollar  value  loss  in  excess  of  $5,000.  The  accident 
report  file  will  be  available  to  interested  DARPA  or  SAMSO  personnel.  The  accident 
data  vdll  also  be  shared  with  the  Reliability  Engineer  for  updating  system  failure  data. 

Any  accident  results  will  be  compared  against  completed  hazard  analysis  and 
revisions  of  the  hazard  analyses  made  as  required. 

6.4  Design  Review  Participation.  System  safety  reviews  will  be  conducted  con- 
currently with  scheduled  design  reviews  and  at  other  times  in  the  program  as 
requested  by  The  DARPA  Program  Manager.  LMSC  will  present  data  for  safety 
assessment  at  each  formally  scheduled  design  reveiw  of  the  Teal  Ruby  contract. 

Each  review  will  Include  an  assessment  of  the  hazard  analysis  effort  up  to  the  time 
of  the  design  review.  The  contractor  Safety  Engineer  will  make  recommendations 
on  design  approval  or  disapproval  as  substantiated  by  the  hazard  analyses . The 
design  review  board  will  provide  a disposition  of  the  recommendations  and  act  as 

a final  referee  in  those  areas  which  cannot  be  negotiated  prior  to  the  reviews . 
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The  Safety  Engineer  will  provide  the  program  interface  with  the  LMSC  internal  safety 
review  committees*  He  will  prepare  and  aid  the  Teal  Ruby  Program  Manager  in  the 
preparation  of  safety  review  material  for  LMSC  safety  board  presentations.  These 
presentations  and  subsequent  board  approvals  are  required  of  all  contracts  with 
deliverable  hardware  prior  to  delivery  of  the  hardware  to  the  customer. 
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6.5  Test  Monitoring.  The  LMSC  Safely  Engineer  will  actively  monitor  all  test  activity, 
including  local  LMSC  design  testing,  off  site  testmg  and  prelaunoh  testing.  By  his 
active  participation  and  monitoring  the  Safety  Engineer  will  evaluate  the  existing 
hazard  analyses  and  update  them  as  a function  of  operational  and  test  problems. 

As  a program  designated  safety  engineer  familiar  with  the  system  and  test  objectives 
and  as  a member  of  the  Product  Assurance  organization,  the  Safety  Engineer  acts  as  an 
outside  observer  and  critic  of  all  test  engineering  operations. 

6.6  External  Safety  Interface.  With  several  subcontractors,  DARPA,  SAMSO,  and  SVS 
Shuttle  and  launch  facility  interfaces,  there  also  exists  a major  safety  interface 
concern.  LMSC,  as  the  (ncperiment  contractor,  will  be  responsible  for  the  ultimate 
safeness  and  reliability  of  the  entire  experiment  and  thus  will  impose  system  safety 
requirements  on  the  subcontractors.  It  is  also  necessary  to  communicate  with  the  various 
DoD  system  safety  organizations  to  ensure  that  all  requirements  are  met  and  that  the 
prelaunch  and  launch  operations  are  conducted  at  the  level  of  safety  awareness  required 
by  the  host  organization. 
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FOREWORD 

1 

This  document  describes  the  Contamination  Assessment  and  Control 
Plan  for  Teal  Ruby  Ejqierlment,  Phase  11  to  be  implemented  by 

Lockheed  Missilea  & Space  Company,  Inc. , in  accordance  with  the  - ‘ 

requirements  of  the  DSAF,  Space  and  Missile  Systems  Organization.  . 

It  is  submitted  in  accordance  with  Contract  F04701-77-C-0024,  ] 

CDRL  Item  009A2. 
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1.0  INTRODUCTION 

One  of  the  requirements  for  success  of  the  Teal  Ruby  Experiment  is  that  the  con- 
tamination levels  on  or  around  the  Teal  Ruby  Sensor  Assembly  must  not  become  high 
enough  to  degrade  the  performance  of  the  Sensor  Assembly  during  its  mission  lifetime. 
To  fulfill  this  requirement,  it  is  necessary  to  establish  a plan  under  which  maximum 
allowable  contamination  levels  are  determined,  and  procedures  are  established  for 
ensuring  that  these  levels  are  not  exceeded,  This  plan,  known  as  the  Contamination 
Assessment  and  Control  Plan  (CACP),  will  be  expanded  in  Phase  II  of  the  Teal  Ruby 
Program,  and  will  address  all  aspects  of  contamination  assessment  and  control  from 
manufacture  through  end  of  mission.  The  final  CACP  will  be  submitted  to  DARPA  not 
later  than  20  days  prior  to  CDR.  This  Draft  CACP  establishes  the  scope  and  frame- 
work of  the  CACP  and  develops  it  to  the  extent  possible  consistent  with  the  technical 
detail  of  the  Teal  Ruby  preliminary  design  completed  during  the  Phase  I Program. 

Section  1 of  this  plan  presents  an  overview  of  the  major  contamination  issues  and 
control  features  to  be  included  in  the  final  CACP.  Section  3 establishes  the  control 
plan  requirements  and  tlie  responsibilities  and  the  procedures  for  its  implementation. 
Section  4 describes  how  maximum  allowable  contamination  densities,  cleanliness  level 
and  clean  room  requirements  are  to  be  determined  in  Phase  II.  Section  5 describes 
how  the  derived  requirements  are  to  be  satisfied  in  Phase  II. 

The  Teal  Ruby  Experiment  will  be  subject  to  the  standard  state-of-the-art  contamination 
assessment  and  control  procedures  applied  to  contamination-sensitive  payloads,  as 
descrih  >d  in  the  body  of  this  document,  and  summarized  in  Mil-Std-1246,  paragraph 
4. 0.  In  addition,  the  Teal  Ruby  Experiment  CACP  will  give  particular  attention  to  the 
technical  areas  discussed  below. 

!•  1 Contamination  of  Cryogenic  Payloads.  Cryogenic  surfaces  are  especially  vulnerable 
to  build-up  of  contaminant  deposits  since  a higher  percentage  of  the  local  molecular  flux 
becomes  condensible  as  the  surface  temperatures  decrease.  In  particular,  water  vapor 
is  outgassed  in  significant  quantities  from  many  spacecraft  materials,  and  becomes 
condensible  on  surfaces  colder  than  about  170  K.  Flight  experience  on  radlatively 
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cooled  sensors  operating  nrcr  ilO  K (Ref.  1)  has  shown  considerable  evidence  of 
contamination  effects.  These  appear  as  warming  up  of  the  radiator,  loss  of  sensor 
signal,  and  a decrease  in  sensor  slgnal-to-nolse  ratio  as  the  sensor  warms  up.  In 
many  of  these  cases,  the  original  performance  was  at  least  partially  regained  by 
heating  the  whole  assembly  above  150  K and  recooling.  This  suggested  strongly  that 
the  performance  degradation  was  at  least  partly  due  to  a contaminant  which  evaporates 
in  this  temperature  region,  and  the  most  likely  culprit  is  H^O.  This  suggests  the  need 
for  attaching  real-time  contamination  sensors  to  these  components  in  order  to  positively 
related  contaminant  accumulation  to  loss  of  performance.  Later  cryogenioally  eooled 
sensor  systems  have  been  able  to  reduce  or  eliminate  sensor  degradation  effects  by 
careful  design.  For  example,  sensors  can  be  protected  by  viewing  the  external  world 
through  warm  IR-transparent  windows.  The  flow  path  between  cooled  surfaces  and 
outgas  sources  can  be  designed  to  prevent  migration  of  condensible  gases  by  use  of 
"cold  trap"  elbows.  The  effectiveness  of  this  approach  is  demonstrated  by  the  experience 
of  the  Limb  Radiance  Inversion  Radiometer  (LRIR)  and  High  Resolution  Infrared  Sounder 
(HRIS)  on  Nimbus  G.  The  LRIR  featured  a detector  cooled  to  62  K by  a solid  cryogen 
cooler,  which  viewed  the  exterior  through  a 300  K zinc  selenide  window.  This  sensor 
experienced  no  performance  loss  throughout  its  mission  of  8 months.  The  HRIS  has  an 
unprotected  sensor  and  a radiative  cooler.  Data  for  the  first  4 weeks  (Ref.  2)  show  a 
loss  of  sensor  sensitivity  of  the  order  of  14%  of  which  one  third  was  presumed  due  to 
sensor  contamination  and  two  thirds  to  an  increase  in  radiator  temperature,  which 
could  also  be  due  to  contamination. 

The  message  of  previous  flight  experience  seems  clear.  Cryogenioally  cooled  sensors 
must  either  be  protected  from  contamination  by  relatively  warm  mfrared  windows,  or 
should  be  capable  of  being  warmed  sufficiently  to  evaporate  cryodeposlts.  Radiators 
cannot  be  protected  by  windows,  and  so  should  have  warm-up  capability  as  a matter  of 
course.  These  conclusions  are  found  in  Ref.  3,  which  reports  tlie  findings  of  a 
committee  formed  by  NASA  specifically  to  study  means  of  avoiding  failure  of  cooled 
sensor  systems.  It  is  also  noted  that  the  cause  of  much  of  the  anomalous  behavior 
could  only  be  speculated  upon,  since  no  onboard  real-time  contamination  monitoring 
system  was  provided.  It  is  concluded  from  these  past  experiences  that  since  the 
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Teal  Ruby  Is  an  unprotected  cryogenlcalljMiooled  sensor  a warm-up  capability  and  a 
real-time  contamination  monitoring  system  are  necessary.  Ibese  features  are  dis- 
cussed in  sections  5. 7. 3 and  S.  7. 4. 

1.2  Orbiter  Contamination  Environment.  The  Teal  Ruby  Is  to  be  launched  on  the 
P80-1  spacecraft,  which  will  bo  the  first  DoD  spacecraft  to  be  launched  by  the  Space 
Transportation  System.  Specifications  have  been  written  and  predictions  made  by 
NASA/JSC  concerning  the  contamination  environment  of  the  Orbiter,  which  can  be 
used  as  an  Indication  of  the  general  levels  which  may  ultimately  be  obtained.  However, 
these  quantities  remain  to  be  verified  by  flight  experience  and  thus  will  not  be  possible 
until  after  the  first  Orbiter  flight  in  early  1979,  which  is  after  the  Teal  Ruby  delivery 
date.  The  Teal  Ruby  must,  therefore,  be  designed  to  survive  an  unspecified  con- 
tamination environment.  Considerable  care  will  have  to  be  given  to  providing  the 
Sensor  with  adequate  contamination  protection  during  launch,  while  avoiding  specifying 
unnecessarily  costly  or  complex  protective  features.  This  point  is  diseussed  in 
Section  5.5. 

1.3  Contamination  Control  State-of-the-Art.  Most  space  payloads  are  sufficiently 
iDsensftive  to  contamination  effects  that  they  can  use  relatively  straightforward 
controls  imposed  witliout  resort  to  detailed  analysis.  This  includes  procedures  such 
as  requiring  material  to  be  selected  from  standard  lists,  and  imposition  of  across-the- 
board  clean  room  standards  and  procedures  based  on  general  experience  rather  than 
specific  requirements.  As  the  numberof  contamination-sensitive  payloads  has 
increased,  the  industry  has  become  increasingly  aware  of  the  need  to  perform  detailed 
contamination  analyses  at  the  design  stage  in  order  to  identify  and  then  circumvent 
possible  contamination  problems.  This  type  of  complete  analysis  of  contamination 
sources,  effects,  and  control  techniques  involves  consideration  of  the  Interaction  of 
many  diverse  physical  phenomena,  some  of  which  are  not  well  understood  individually. 
To  perform  contamination  analyses,  these  phenomena  must  be  represented  by  reliable 
physical  models  and  supported  by  an  adequate  data  base.  Since  these  models  and  data 
did  not  exist,  many  in-house  and  NASA  and  USAF-supported  contractual  programs 
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have  been  begun  throughout  the  industry  to  develop  the  necessary  technology.  Lockheed 
has  participated  in  these  efforts  through  contractual  efforts  and  Independent  Research 
and  Independent  Development  programs.  Through  these  activities,  it  has  become 
apparent  that  the  problem  of  modeling  relevant  physical  phenomena,  system  geometry, 
and  mission  event  time-lining  is  extremely  difficult.  Since  the  physical  models  are 
not  well  developed,  and  the  data  base  must  include  optical  and  thermodynamic  properties 
of  as-yst  unisolated  outgas  species  of  hundreds  of  polymers,  it  is  clear  that  develop- 
ment of  reliable  generalized  contamination  modeling  tools  is  many  years  away  at  best, 
and  in  fact  may  be  impossible.  Further,  initial  efforts  to  create  such  a tool  even  using 
very  simplistic  models  for  physical  phenomena,  have  shown  that  modeling  of  the 
geometry  and  timelining  alone  for  the  subject  systems  has  resulted  in  the  creation  of 
computer  programs  of  exceptional  and  unwieldy  size.  Against  the  complexity  of  the 
modeling  approach  must  be  set  the  primary  problem  which  is  to  provide  hardware 
programs  with  assurance  that  the  system  will  not  fall  due  to  contamination  effects, 
and  to  provide  this  assurance  early  in  the  program  at  low  cost,  and  low  system  design 
impact.  In  preparing  the  Teal  Ruby  CACP,  LMSC  will  attempt  to  fulfill  these  program 
requirements  while  Including  the  capability  to  perform  detailed  analyses,  but  these 
analyses  will  be  made  only  where  absolutely  essential  and  only  if  the  available  methods 
and  data  are  reliable  enough  to  provide  meaningful  predictions.  The  CACP  will  there- 
fore permit  inclusion  of  the  most  recent  advances  in  contamination  technology  necessary 
while  providing  reliable  program  answers  at  minimum  cost. 

1.4  Overview  of  the  Teal  Ruby.  The  Teal  Ruby  CACP  will  have  the  following  main 
features. 

• Contamination  requirements  set  for  all  critical  surfaces  and  functions  by 
determining  allowable  performance  degradation  levels  systematieally  from 
design  analyses,  and  translating  these  levels  into  maximum  allowable  con- 
tamination densities. 

• Maximum  allowable  contamination  densities  translated  into  prelaunch  clean 
room  aud  surface  cleanliness  requirements  per  Fed-Std-209B,  MIL-STD- 
1246A,  and  equivalent  Lockheed  Aircraft  Company  (LAC)  standards.  These 
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requirements  will  be  upheld  by  LMSC  Quality  Assurance,  and  will  be  included 
in  the  ICD  and  all  other  procedural  specifications  governing  Teal  Ruby 
operations  between  acceptance  at  the  Spacecraft  Integrator  Facility  and 
closure  of  the  Orbiter  payload  bay  doors. 

• Assess  the  prelaunch,  ascent,  and  parking  orbital  environment  provided  by 
the  Orbiter  and  control  measures  implemented  on  the  assumption  of  worst 
credible  conditions,  since  no  fli^t  data  on  this  environment  will  be  available 
to  the  Teal  Ruby  Program. 

• Control  contamination  of  the  Teal  Ruby  Experiment  by  tlie  spacecraft  and  its 
other  payloads  during  all  operations  following  separation  from  the  Orbiter  to 
be  achieved  by  translating  the  maximum  allowable  contamination  densities  for 
each  surface  and  system  functions  into  a maximum  allowable  condensible 
molecular  flux  density  requirement  for  each  Teal  Ruby  surface,  arid  placing 
this  requirement  on  the  spacecraft  design.  Negotation  of  these  requirements 
with  the  spacecraft  contractor  is  anticipated. 

• Control  of  Teal  Ruby  self-contamination  to  be  achieved  by  controlling  material 
selection,  and  location  of  outgas  sources  relative  to  sensitive  surfaces. 
Material  selection  will  begin  with  these  materials  of  less  than  1%  total  mass 
loss  (TML)  and  0. 1%  volatile  condensible  materials  (VCM)  as  obtained  in 
NASA  JSC  SP-R-0022.  Materials  will  be  progressively  screened  to  Identify 
piroblem  areas  by  conservative  order-of-magnitude  estimate  of  contamination 
build  up  on  sensitive  surfaces.  The  estimates  will  begin  using  TML/VCM 
data  to  identify  critical  areas,  which  will  then  be  analyzed  in  more  detail 
using  modeling  technlque.s  plus  supportatlve  data  to  be  obtained  if  and  where 
needed  under  the  Phase  II  program. 

• Real-t'me  contamination  monitoring  for  the  Teal  Ruby  optical  and  radiator 
surfaces  will  be  provided  by  atiaching  quartz  crystal  microbalances  to  the 
Sensor  Assembly  at  these  locations. 

® The  optical  and  radiator  assemblies  are  capable  of  being  heated  to  reevaporate 
contaminant  deposits. 
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2. 0 APPLICABLE  DOCUMENTS 

The  following  documents  form  a part  of  this  plan  to  the  extent  specified  herein. 
NASA 

JSC  07700,  Vol  XIV  Space  Shuttle  ^stem  Payload  Accommodations 

Revision  D 

Contamination  Control  Requirements  for  the  Space 
Shuttle  Program 

Vacuum  Stability  Requirements  of  Polymeric 
Materials  for  Spacecraft  Application 

Product  Cleanliness  Levels  and  Contamination 
Control  Program 

Clean  Room  and  Work  Station  Requirements, 
Controlled  Environment 


LAC  1002 

Protection  of  Thermal  Control  Surfaces 

LAC  3026 

Environmental  Control 

LAC  3150 

Contamination  Control 

5699530 

Qualify  Assurance  Program  Plan  (Draft) 
for  Teal  Ruby  Experiment  Program,  Phase  R 

5699518 

Corrosion  Control  Plan  (Draft)  for  Teal  Ruby 
E.\periment  Program,  Phase  R 

5699520 

Post-Delivery  Support  Plan  (Draft)  for  Teal  Ruby 
Experiment  Program,  Phase  R 

LMSC-5699522 


3. 0 CONTAMINATION  ASSESSMENT  AND  CONTROL  PLAN  REQUIREMENTS 

3.1  Scope.  The  Teal  Ruby  CACP  will  accomplish  the  following  tasks: 

• Identification  of  contamination  effects  mechanisms  on  Teal  Ruby 

• Identification  of  contamination  sensitive  system  and  component  functions 

• Quantitative  determination  of  the  maximum  allowable  performance  degradation 
due  to  contamination  effects  for  each  system  function  and  component 

• Translation  of  the  maximum  allowable  performance  degradation  effects  into 
maximum  allowable  contaminant  mass  volumetric  and/or  area  densities 

• Establishment  of  procedures  for  controlling  the  Teal  Ruby  contaminating 
environment  in  all  program  phases  so  that  the  maximum  allowable  con- 
tamination densities  are  not  exceeded  during  the  minimum  required  mission 
lifetime 

• Establishment  of  procedures  for  monitoring  the  contamination  densities,  on, 
in,  and  around  the  Teal  Ruby  Sensor  Assembly  to  verify  that  the  maximum 
tolerable  contamination  densities  are  not  exceeded 

• Establishment  of  procedures  for  taking  corrective  action  to  reduce  the 
contamination  densities,  if  they  are  determined  to  have  exceeded  the 
maximum  acceptable  values 

3. 2 Program  Impact.  The  CACP  will  be  configured  so  as  to  have  minimal  impact 
on  the  Teal  Ruby  program  cost  and  schedule,  and  the  ability  of  the  Sensor  Assembly 
to  perform  the  required  experimental  functions. 

3. 3 Responsibilities.  Lockheed  will  appoint  a Contamination  Control  Engineer  who 
will  have  the  responsibility  for  addressing  all  contamination  related  problems  related 
to  the  Teal  Ruby  Program. 

3.4  Contamination  Control  Engineer.  The  Contamination  Control  Engineer  r’eports 
to  the  Chief  ^sterns  Engineer  and  has  the  responsibility  for  creating  the  CACP  and 
ensuring  that  it  is  executed  appropriately.  The  Contamination  Control  Engineer 
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creates  a CACP  consistent  with  the  requirements  of  sections  3. 1 and  3. 2.  The 
Contamination  Control  Engineer  executes  the  approved  CACP  with  the  assistance  of 
the  Contamination  Control  Coordination  Committee. 

3. 5 Contamination  Control  Coordination  Committee.  Because  contamination  effects 


can  occur  in  many  functional  areas,  and  their  solutions  can  have  significant  impact  on 
design  cost  and  experiment  success  probability,  it  is  desirable  to  establish  a formal 
coordination  activity  to  ensure  that  all  contamination  related  problem  areas  are  dealt 
with  in  the  moat  effective  manner.  To  fulfill  this  requirement,  a Contamination 
Control  Coordination  Committee  (CCCC)  will  be  formed,  with  the  membership  to 
include: 

• Contamination  Control  Engineer 

• Teal  Ruby  Project  Manager,  or  his  designate 

• Product  Assurance  Program  Representative 

• Mechanical  Design  Engineer,  or  his  designate 

The  principal  specific  purposes  of  the  CCCC  will  be  to  facilitate  execution  of  the  CACP, 
to  resolve  conflicting  system  design  requirements,  and  to  provide  a point  of  contact 
for  other  LMSC  or  for  DARPA/SAMSO/Aerospaoe  Corporation  personnel. 
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4. 0 DETERMINATION  OF  ALLOWABLE  CONTAMINATION  DENSITIES 

An  analysis  will  be  conducted  to  determine  the  maximum  allowable  contamination 
densities  for  Teal  Ruby  surfaces  and  functions.  The  analysis  will  successively  identify 
possible  contamination  affects;  contamination-sensitive  Teal  Ruby  surfaces  and  func- 
tions; allowable  functional  performance  degradation;  allowable  property  changes;  and 
allowable  contamination  densities.  The  allowable  eontamination  densities  will  then  be 
expressed  in  the  form  of  a Lockheed  standard  cleanliness  specification.  The  following 
subsections  describe  how  these  steps  will  be  aceomplished. 

4. 1 Contamination  Effects.  Table  1 summarizes  the  meehanisms  l^y  whieh  con- 
taminants are  expected  to  affect  the  performance  of  the  Teal  Ruby  Sensor  Assembly. 
The  mechanisms  listed  are  only  those  which  experience  indicates  are  likely  to  create 
significant  problems.  The  existence  of  other  possible  contamination  effects,  such  as 
change  of  surface  electrical  conductance,  is  noted,  and  the  CCE  will  maintain  an 
awareness  of  other  effects  that  could  affect  the  performance  of  Teal  Ruby. 

4. 2 Contamination  Sensitive  Functions  and  Surfaces.  Table  2 is  a preliminary  list 

of  Teai  Ruby  surface  types  and  surface  properties  whose  performance  can  be  degraded 
by  the  presence  of  contaminants,  along  with  their  design  values  of  temperature  and 
surface  properties.  Table  3 is  a preliminary  list  of  Teal  Ruby  functions  which  can  be 
degraded  by  the  presence  of  contaminants  in  the  spacial  region  surrounding  the  space- 
craft, along  with  the  design  requirements  for  these  functions.  Data  given  in  these 
tables  are  preliminary  and  will  be  updated  as  part  of  the  CACP  revision. 

4. 3 Allowable  Degradation  Levels.  Tables  2 and  3 list  the  allowable  contamination 
induced  property  and/or  performance  degradaticn  levels  for  each  surface  and  function. 
The  levels  will  be  determined  by  the  various  functional  subsystem  designers  by 
estimating  the  maximum  allowable  deviation  from  nominal  design  specifications  which 
can  be  tolerated  by  the  subsystem  due  to  all  degrading  effects,  and  then  apportioning 
this  devlaticn  among  these  effects.  Also  listed  are  the  LMSC  personnel  who  will  be 
responsible  for  determbiing  these  tolerance  levels.  These  are  ineluded  to  ensure 
traceabllify  of  each  requirement. 


LOCKHEED  MISSILES  & SPACE  COMPANY.  INC. 


LMSC-5699522 


CONTAMINATION  EFFECTS 


Type  of 
Cont^inant 

Particulate 


Location 


Surface  deposits 


Particulate  and  In  space  surrounding 
Molecular  the  spacecraft 


Molecular 


Surface  deposits 
(1)  Smooth  deposits 
(il)  Droplet  on 
island-type 
deposits 

In  gaseous  phase 
between  MLI 
layers 


Contamination  Effect 

Scatters  incident  radiation,  reducing 
signal  intensity  in  viewing  direction, 
and  scattering  off-axis  radiation  into 
the  field-of-view 

Absorbs  incident  radiation,  changing 
surface  radiative  properties 

Scatters  incident  radiation,  reducing 
signal  intensity  in  viewing  direction, 
and  scattering  off-axis  radiation  into 
the  field-of-view 

Absorbs  incident  radiation,  changing 
signal  strength 

Emits  radiation.  Increasing  background 
noise 

Changes  reflectance  of  surface 
Changes  emlttance  of  surface 
Same  as  smooth  deposits.  Also, 
scatters  incident  radiation 

Degrade  insulation  of  MU  by  providing 
an  additional  thermal  conductance  path 
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Table  2 (Cent. ) 
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Corrector  Plate  Zinc  selenide  110  Transmittance  TBD  TBD  Morrorw 

plus  overcoating 


Table  2 (Coat. ) 
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4.4  Allowable  Contamination  Densities.  The  parameters  that  are  controlled  by  the 
contamination  control  plan  are  contamination  densities,  thus  the  allowable  contamination 
effects  determined  in  section  4. 3 must  be  translated  into  these  terms.  Establishment 
of  relationships  between  contamination  densities  and  effects  can  be  done  analytically 
or  by  direct  experimental  measurement.  The  analytical  approach  requires  the  use  of 
parametric  phenomenological  models  describing  the  contamination  effect  of  interest, 
plus  a data  base  of  fundamental  physical  properties  of  the  construction  materials 
and/or  contaminant  species  involved.  Reliable  models  are  available  for  some  effects, 
but  for  n.any  they  are  not.  Most  of  the  molecular  contaminant  species  are  outgas 
products  from  polymers,  and  few  of  these  have  even  been  isolated  and  identified,  so 
data  on  their  properties  is  almost  nonexistent.  The  relationship  between  contamination 
density  and  effects  can,  in  principle,  be  measured  directly  experimentally.  Develop- 
ment of  adequate  techniques  to  make  these  measurements  has  only  recently  been  begim 
and  the  data  being  produced  are,  as  yet,  costly  and  not  entirely  reliable,  A very  large 
number  of  possible  combinations  of  contaminant  species,  densities,  and  surface  com- 
binations would  have  to  be  studied  in  order  to  set  up  a comprehensive  data  base.  In 
summary,  establishing  the  relationship  between  contamination  effects  and  densities  is 
a difficult  task,  and  is  in  fact  the  most  difficult  step  to  accomplish  in  establishing 
contamination  control  requirements  systematically. 

The  problem  of  relating  maximum  allowable  effects  to  contamination  density  will  bo 
handled  whore  necessary  by  performing  the  analysis  of  the  sensitivity  of  particular 
surfaces  to  particular  sources  by  an  iterative  screening  method  in  conjunction  with 
the  contamination  source  control  analysis  of  Section  5. 7.  This  will  include  use  of 
progressively  less  conservative  estimates  of  sensitivity  in  conjunction  with  progres- 
sively more  accurate  data  sources.  These  are  described  in  sections  4. 4. 1 and  4. 4. 2. 
This  process  will  be  applied  only  to  those  situations  where  direct  relationship  of 
contamination  density  to  effects  is  difficult,  which  will  be  mainly  outgassing- 
caused  contamination. 


4.4. 1 Screening  Process.  The  sensor  system  will  be  exposed  to  a number  of  con- 
tamlr.ant  sources  and  the  threat  to  each  critical  surface  or  function  posed  by  each 
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source  must  be  evaluated.  The  number  of  possible  source/surface  combinations  will 
be  quite  large,  but  many  of  these  pairings  can  be  identified  as  noncritical  by  a pre- 
liminary screening  process.  In  the  first  instance,  conservatively  low  estimates  of 
maximum  allowable  contamination  densities  will  be  made  for  all  surfaces  and  functions 
in  Tables  2 and  3.  The  basis  of  these  first  estimates  will  be  past  experience.  These 
will  be  compared  with  the  contaminant  deposition  densities  predicted  by  the  con- 
servatively high  contaminant  flux  models  assumed  under  section  5. 7. 1.  This  com- 
parison will  identify  noncritical  areas,  which  can  then  be  eliminated  from  further 
study.  Critical  or  ambiguous  areas  will  be  reevaluated  on  a more  detailed  basis  by 
upgrading  the  outgassing  estimates  as  noted  in  section  5. 7. 1.  For  surfaces  still  con- 
sidered to  be  threatened  after  tills  review,  the  maximum  allowable  contamination 
density  will  be  estimated  in  more  detail  using  the  methods  of  section  4. 4. 2.  A con- 
tinuous iterative  reevaluation  of  this  kind,  using  progressively  more  accurate  estimates, 
will  be  made  for  both  contaminant  source  magnitude  and  control  methods,  and  for  the 
contamination  sensitivity  of  the  critical  surfaces.  This  situation  will  be  maintained 
until  the  problem  has  been  eliminated,  by  adjustment  of  material  specification, 
geometry,  surface  sensitivlfy,  protective  device,  etc. 

4.4.2  Contamination  Density  Versus  Effects  Data 


4. 4. 2. 1 Particulate  Contaminants.  The  major  contamination  effect  which  can  be 
produced  by  particulate  contaminants  is  radiative  scattering.  This  can  be  predicted 
try  standard  theories  with  an  accuracy  which  is  probably  sufficient  for  the  present 
purposes.  These  theories  are  independent  of  the  molecular  species  of  the  particulate 
material.  Assumptions  will  be  necessary  for  the  shape  of  tJie  particles,  and  certain 
model  assumptions  are  needed  to  represent  particles  on  surfaces,  and  particle 
densities  on  surfaces  where  the  distance  between  particles  is  neither  zero  nor  infinite. 
Nevertheless,  existing  theories  available  at  Lockheed  in  computerized  form  are 
expected  to  be  adequate  for  relating  the  distribution  of  scattered  radiation  to  particulate 
size  and  distribution  density  on  surfaces  and  in  clouds  in  the  field-of-view. 
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4. 4. 2. 2 Molecular  Contamlnanta.  The  influence  of  molecular  contaminants  on 
radiative  properties  is  strongly  related  to  their  species,  which  will  not  be  known  for 
most  contaminants.  The  relationship  between  the  density  of  these  contamir,ants  and 
the  change  of  scattering,  reflective,  absorptance,  emittance,  etc. , on  surfaces  and 
in  clouds  will  be  estimated  by  a highly  electric  procedure  which  will  depend  on  the 
particular  combination  of  source,  surface,  and  property  being  assessed.  The  following 
techniques  will  be  used  to  estimate  the  relationship: 

• For  the  initial  round  of  screening,  the  conservatively  high  estimate  of  the 
effect  of  a given  contaminant  will  be  made  on  the  basis  of  extrapolation  of 
closely  related  data  on  hand 

• For  subsequent  rounds  of  the  screening  process,  more  exact  data  will  be 
obtained  by  following  these  four  steps,  in  order: 

(a)  The  availability  of  relevant  experimental  data  will  be  investigated  using  the 
available  continuously  updated  Lockheed  Independent  Research  program 
literature  search  procedures;  (b)  experimental  measurements  will  be 
made  by  LMSC  using  existing  apparatus  to  obtain  engineering  effects  data 
for  those  particular  situations  which  can  be  simulated  by  LMSCI  apparatus, 

(c)  efforts  will  be  made  to  predict  the  effect  of  contamination  by  a given 
outgas  or  other  species  by  extrapolation  of  data  for  closely  related  situations. 
The  general  feasibility  of  making  such  extrapolation  bi  support  of  the  relatively 
low  accuracy  estimates  needed  to  establish  the  CACP  is  being  investigated 
under  the  LMSCI  IR  program.  Analytical  and  experimental  investigations 
are  being  made  to  assess  whether  the  outgas  species  from  general  classes 
of  polymers  such  as  silicones  or  phthalates  show  similar  optical  properties. 
Constructive  findings  from  this  program  would  be  used  on  the  Teal  Ruby 
Program  to  predict  the  behavior  of  unknown  outgas  species  from  a polymer 
of  known  composition,  (d)  in  the  event  that  a particular  situation  appears 
insoluble  without  obtaining  precise  data,  LMSC  will  request  that  specific 
engineering  tests  be  made  by  government  or  private  establishments  known 
to  have  more  appropriate  apparatus.  (This  option  is  noted  here  only  to 
show  completeness  of  approach.  It  is  considered  to  be  very  unlikely  that 
this  step  woidd  be  necessary  for  Teal  Ruby. ) 
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4.5  Contamination  Density  Specification  Format.  For  the  assessment  of  outgasslng 
flux  levels  of  section  5. 7,  the  maximum  allowable  contamination  densities  will  be  used 
directly. 

For  input  to  the  Lockheed  Quality  Assurance  activity,  these  densities  will  be  trans- 
lated into  a Lockheed  LAC  3150-0X0XXX  surface  cleanliness  specification,  which 
includes  and  exceeds  the  requirements  of  MIL-STD-1246.  Ibe  clean  room  require- 
ments will  be  specified  by  a Lockheed  LAC  2026-0X0000  specification,  which  includes 
and  exceeds  the  requirements  of  Fed-Std-209.  The  clean  room  requirement  will  be 
derived  from  the  surface  particulate  cleanliness  requirement  of  LAC  3150-0X0XXX  by 
use  of  Table  IV,  lAC  3150. 

For  inclusion  in  the  ICD  and  other  procedural  specifications  governing  contamination 
control  between  delivery  of  the  Teal  Ruby  Experiment  and  before  launch  maximum 
allowable  contamination  densities  and  clean  room  requirements  will  be  specified  in 
terms  of  LAC  3026  and  lAC  3150,  or  Fed-Std-209  and  MII/-STD-1246,  respectively. 
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5. 0 CONTAMINATION  ASSESSMENT  AND  CONTROL 

The  objective  of  this  contamination  control  plan  is  to  ensure  that  the  contamination 
densities  on,  in,  or  around  the  Teal  Ruby  Sensor  Assembly  do  not  exceed  the  maximum 
allowable  values  determined  as  described  in  section  4.5  by  the  end  of  the  specified 
minimum  mission  duration.  The  overall  Teal  Ruby  program  comprises  a number  of 
serial  phases  during  which  different  contamination  sources,  contamination  control 
approaches  and  responsibilities  apply.  In  the  following  sections,  the  general  approach 
to  contamination  control  in  each  phase  of  the  program  is  discussed.  Specific  procedures, 
constraints  on  geometry  or  material  selection  will  be  determined  under  Phase  II  by 
tailoring  the  general  approach  to  fit  each  specific  situation  as  appropriate. 

To  ensure  completeness  of  the  CACP,  a matrix  of  program  phases,  critical  surfaces, 
and  functions  and  contaminant  sources  will  be  constructed  under  Phase  n.  The  CACP 
will  be  required  to  indicate  how  adequate  contamination  control  will  be  achieved  for 
each  combination  of  critical  surface,  program  phase,  and  contaminant  threat  in  this 
matrix.  Adequate  contamination  control  is  defined  as  maintaining  the  contaminant 
densities  below  the  maximum  allowable  values. 

5. 1 Manufacture  Through  Assembly.  The  requirement  of  this  portion  of  the  CACP 
is  to  ensure  that  the  cleanliness  of  Teal  Ruby  meets  the  specified  lAC  3I50-0X0XXX 
cleanliness  requirement  (section  4. 5)  on  arrival  at  the  Spacecraft  Contractor  Facility. 
Primary  responsibility  for  this  task  lies  with  the  LMSC  Teal  Ruby  Produci.  Assurance 
Organization.  A detailed  plan  for  executing  the  overall  Quality  Assurance  (QA)  task, 
including  cleanliness  control  and  verification  procedures  will  be  prepared  separately 
by  a Quality  Engineer  as  part  of  the  Phase  II  QA  Plan.  The  relevant  elements  of  the 

QA  Plan  are  reviewed  in  this  plan  to  demonstrate  continuity  and  completeness  of  approach. 
Both  the  QA  Plan  and  the  CACP  will  be  coordinated  with  the  Corrosion  Control  Plan. 

The  Teal  Ruby  Sensor  Assembly  will  be  constructed  from  materials  and  parts  whose 
cleanliness  level  in  the  first  instance  will  be  lower  than  that  required  for  the  finished 
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product,  so  they  will  have  to  be  cleaned  to  the  required  level  at  some  point  in  the 
procurement/fabrication  through  delivery  process.  Following  cleaning,  the  components 
will  be  bandied  and  stored  under  controlled  cleanliness  conditions.  Since  maintenance 
of  clean  rooms  and  procedures  is  expensive,  it  is  desirable  to  perform  as  many 
'Vorations  as  possible  before  the  cleaning  procedures.  On  the  other  hand,  since 
components  tend  to  become  less  accessible  as  assembly  proceeds,  it  is  necessary  to 
raise  components  to  the  required  cleanliness  level  before  the  last  point  in  the  assembly 
process  at  which  they  can  be  adequately  cleaned  and  inspected,  hi  principle,  compo- 
nents can  be  disassenibled  for  cleaning,  but  this  may  invalidate  previously  performed 
functional  tests,  as  well  as  duplicating  some  activities.  Accidental  contemination  of 
cleaned  hardware  is  not  impossible,  so  the  mechanical  design  will  permit  some 
degree  of  disassembly  capability.  Since  certain  subassemblies  are  to  be  assembled 
and/or  tested  before  delivery  to  LMSC,  certain  cleaning  procedures  and  inspections 
may  be  necessary  at  the  subcontractor's  facility.  Ihese  will  be  followed  by  shipping, 
storing,  and  handling  procedures  consistent  v;ith  the  inspected  cleanliness  level.  To 
achieve  the  goals  of  achieving  and  verifying  the  cleanliness  requirement  at  minimum 
program  impact  and  cost,  a flow  path  will  be  developed  for  each  hardware  item.  The 
flow  path  will  be  determined  by  consultation  between  the  QA,  mechanical  design,  and 
test  program  personnel.  The  individual  flow  paths  will  be  folded  into  an  overall  plan, 
similar  to  the  generalized  example  shown  in  Fig.  1.  The  plan  shows  three  cleanliness 
levels  for  incoming  materials  — uncleaned,  visibly  cleaned,  and  precision  cleaned. 

The  latter  two  levels  are  defined  in  MIL-STD-1246.  Visible  cleanliness  represents 
a minimum  level  consistent  with  good  workmanship  practices.  The  precision 
cleanliness  levels  will  be  required  for  at  least  some  of  the  critical  surfaces  to  be 
analyzed  under  Section  4. 0.  All  hardware  reaching  LMSC  will  be  raised  to  tlie 
visibly  clean  level  as  a minimum  before  storage.  Those  parts  or  subassemblies  for 
which  visible  cleanliness  at  delivery  Is  specified  will  be  Inspected  at  LMSC  before 
storage.  The  assembly  level  of  these  components  will  be  such  that  they  are  cleanable 
to  final  levels  at  LMSC.  Parts  or  subassemblies  which  must  be  assembled  by  the 
subcontractor  to  a level  preventing  adequate  cleanliness  inspection  at  LMSC  must  be 
inspected  to  final  precision  levels  at  the  subcontractor's  facility,  and  then  shipped, 
stored,  and  handled  in  a manner  consistent  with  this  cleanliness  level. 
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Fig.  1 General  Flow  Diagram  for  Cleanliness  Control  of  Parts  and  Subassemblies 
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Prior  to  assembly  of  the  Sensor  Assembly  all  parts  will  be  stored  in  an  area  of 
cleanliness  level  compatible  with  Bie  visibly  clean  cleanliness  level.  Hardware  already 
raised  to  a higher  level  will  be  provided  with  protective  covers. 


Final  assembly  of  the  Sensor  Assembly  will  be  made  in  a clean  area,  which  will  be  at 
least  Federal  Class  100,000.  Until  a more  detailed  analysis  of  the  Teal  Ruby  optical 
system  cleanliness  requirements  is  performed  under  Phase  n,  it  will  be  assumed  that 
a Class  10, 000  clean  room  will  be  required  by  this  subsystem.  This  requirement  is 
based  upon  known  requirements  for  other  spaceborne  optical  systems.  It  will  place  a 
significant  constraint  on  the  Teal  Ruby  Program,  however,  and  its  necessity  should 
be  critically  assessed  as  early  as  possible  in  Phase  H.  Some  subassembly  work  may 
be  accomplished  la  a less  clean  area  followed  by  precision  cleaning  before  movement 
to  the  final  assembly  area.  All  hardware  previously  visibly  cleaned  will  be  precision 
cleaned  before  movement  to  the  final  assembly  area. 

Following  assembly,  the  Sensor  Assembly  will  be  protected  by  closing  the  thermal 
control  doors,  attaching  a cover  to  the  sunshade  aperture  or  closing  the  integral 
closure  device,  and  wrapping  it  with  a polyethylene  cover,  per  LAC  1002.  The  Sensor 
Assembly  will  be  stored  in  a Class  100,000  clean  room,  or  equivalent  area. 

5. 2 Handling  During  Test  Activities  at  Lockheed.  Prior  to  test  activities,  the  entire 
Sensor  Assembly  will  have  been  raised  to  the  final  cleanliness  level.  To  prevent,  or 
detect  and  correct,  contamination  during  the  ensuing  test  activities,  detail  handling 
and  protection  procedures  will  be  written  after  the  detailed  test  plan  is  finalized.  The 
following  considerations  will  be  incorporated  into  the  procedural  documentsi 

• The  Sensor  Assembly  will  be  equipped  with  thermal  control  doors,  and  a 
closure  on  the  sunshade  aperture.  These  doors  will  be  designed  so  as  to 
prevent  particulate  migration  into  the  optical  assembly  spaces  behbid  them. 
The  entire  Sensor  Assembly  will  be  provided  with  an  outer  protective  cover 
per  LAC  1002,  whose  main  purpose  is  to  protect  the  various  outer  thermal 
control  surfaces.  Additional  protection  may  be  provided  for  the  radiator 
assembly. 
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• The  procedures  will  present  rules  for  removal  and  closure  of  these  protective 
devices.  Assuming  that  a Class  10, 000  environment  may  be  required  for 

the  optical  assembly  the  rules  will  be  as  follows. 

Operation  Minimum  Environment 

Removal  of  outer  cover  sheet  Fed,  Class  100, 000 

Opening  of  sunshade  closure  Fed.  Class  10, 000 

Opening  of  thermal  control  doors  Fed.  Class  10, 000 

or  sunshade  closure  installed 

• Transport  of  the  Sensor  System  between  areas  of  cleanliness  level  less  than 
Class  100, 000  will  be  made  in  accordance  with  specific  handling  procedures, 
which  will  include  requirements  that  all  protective  covering  must  be  in  place, 
and  that  antistatic  precautions  be  taken. 

• A witness  plate  program  will  be  instituted  to  monitor  the  contamination  of 
Teal  Ruby  surfaces  between  operations.  Plates  will  be  placed  on  the  shroud 
and  radiator  assembly  surfaces  where  convenient.  Plates  may  be  located 
inside  the  optical  assembly  if  it  is  determined  that  this  can  be  accomplished 
with  negligible  impact  on  other  operations,  or  without  introducing  additional 
contamination, 

• A special  procedure  will  be  written  for  the  thermal/vacuum  testing  phase. 

In  addition  to  all  the  above  requirements,  this  procedure  will  include  the 
following  additional  requirements. 

- The  Teal  Ruby  Sensor  A.ssembly  should  not  be  heated  above  the  maximum 
orbital  operating  temperature 

- The  sunshade  closure  will  not  be  opened 

- Quartz  crystal  microbalance  contamination  monitors  will  be  located  in 
the  thermal  vacuum  chamber  in  positions  and  at  temperatures  adequate 
to  measure  the  condensible  molecular  flux  impinging  on  the  Teal  Ruby 
surfaces. 
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- The  chamber  and  experiment  cooldown  and  warm  up  procedures  will  be 
specified  In  a manner  which  require  the  chamber  shroud  to  be  colder 
than  any  exposed  Teal  Ruby  surface  at  all  times. 

ShlDDlng  From  LMSC  to  Spacecraft  Integrator  Facility.  The  Sensor  Assembly 
will  be  shipped  with  thermal  control  doors  and  sunshade  closure  closed,  and  the  outer 
protective  cover  in  place.  The  protective  cover  will  be  pressurized  slightly  above 
atmospheric  pressure  with  a dry  inert  gas. 

5,4  Spacecraft  Integration  Through  Insertion  in  Orbiter.  All  activities  after  delivery 
of  the  Sensor  Assembly  to  the  spacecraft  contractor  will  be  subject  tc  contamination 
control  requirements,  handling,  and  shipping  procedures  to  be  incorporated  in  the 
Interface  Control  Document  (ICD).  Preparation  of  these  procedures  will  be  coordinated 
with  the  Post-Delivery  Support  Plan.  These  requirements  and  procedures  will  be 
essentially  identical  to  those  described  imder  sections  5. 2 and  5.3.  Aa  additional 
requirement  is  that  the  spacecraft  sh.rll  not  be  heated  above  its  maximum  orbital 
operating  temperature  during  the  integrated  system  thermal-vacuum  tests. 

5. 3 Orbiter  Launch  to  Earth  Orbit.  For  the  purposes  of  this  document,  the  P80-1 
spacecraft  is  considered  to  be  subject  to  the  Orbiter  imposed  environment  from  the 
point  when  the  protective  covers  over  the  P80-]  and/cr  its  payloads  are  removed 
prioi  to  cargo  bay  door  closure,  to  the  point  when  the  spacecraft  and  Orbiter  have 
attained  sufficient  oa-orblt  separation  for  cross  contamination  to  become  negligible. 

The  nominal  environment  which  it  is  hoped  will  ultimately  be  provided  by  the  Orbiter 
during  this  period  is  described  in  JSC  07700,  Vol.  XTV,  Section  4.3.  Achievement 
and  flight  verification  of  these  levels  of  cleanliness,  or  modification  of  the  nominal 
values  in  the  light  of  experience,  will  not  be  possible  imtil  after  a number  of  OFT 
flights  as  a minimum.  It  is  to  be  expected  that  early  OFT  flights  may  be  relatively 
more  contaminating  than  downstream  flights  because  of  high  initial  outgassing  rates 
on  new  equipment,  and  a premise  of  more  emphasis  on  test  procedures  than  on 
operational  cleanliness  and  learning  curve  factors.  Consequently,  the  Orbiter 
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environment  must  be  assumed  to  be  unknown  to  the  Teal  Ruby  Program,  and  the  sensor 
system  must  be  protected  accordingly.  Since  the  environment  is  unknown,  satisfactory 
protection  can  be  guaranteed  only  by  using  a complete  shroud,  to  be  ejected  in  orbit. 
This  solution  la  expensive  and  has  hl^  system  cost  and  weight  impact  and  may  not, 
in  fact,  be  necessary.  The  most  reasonable  approach  to  the  problem  is  to  estimate 
the  worst  possible  environment  that  could  be  provided  by  the  Orbiter,  given  the 
cleanliness  procedures  that  will  definitely  be  taken  and  best  available  data  on  the 
i contents  and  condition  of  the  Orbiter  bay.  The  Teal  Ruby  will  then  be  protected  from 

this  projected  environment  sufficiently  to  maintain  contamination  densities  below  the 
levels  determined  as  in  Section  4. 0. 


Estimation  of  the  possible  contamination  environment  levels  provided  by  the  Orbiter 
for  Teal  Ruby  will  make  use  of  published  results  of  previous  work  performed  under 
contract  for  both  NASA  and  SAMSO.  It  will  also  incorporate  the  results  of  current 
work  being  performed  in  house  in  support  of  on-going  LMSC  programs  which  will  be 
Orbiter-launched  in  the  coming  years.  These  estimates  will  be  continuously  refined 
as  more  data  on  the  contents  of  the  Orbiter  bay,  structural  materials,  and  mission 
operations  for  OFT  5 are  obtained  and  processed.  The  following  preliminary  observa- 
tions cim  be  made  on  the  basis  of  current  information. 

The  nominal  cleanliness  conditions  to  be  maintained  during  payload  insertion,  and  all 
post-door  closure,  prelaunoh  activities  appear  to  be  acceptable  to  the  Teal  Ruby 
Program.  The  Sensor  Assembly  can  be  protected  by  a cover  sheet  up  to  the  point  of 
payload  bay  door  closure.  Controlled  work  disciplines  and  cleaning  procedures  are 
specified  by  JSC.  The  main  concerns  in  this  phase  are: 

• The  degree  to  which  the  specified  cleanliness  procedures  will  be  operative 
on  OFT  5. 

• The  period  between  removal  of  the  Teal  Ruby  protective  oover(s)  and  closure 
of  the  doors,  and  operations  planned  by  JSC  in  this  period  for  other  OFT5 
cargo. 

• The  effectiveness  of  the  JSC  bay  cleaning  procedure. 
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Once  personnel  have  vacated  the  bay  area,  the  main  concern  will  be  movement  of 
particulates.  The  Teal  Ruby  Sensor  Radiator  Assembly  will  look  vertically  upward 
when  the  Orbiter  is  horizontal,  and  will  act  as  a scoop  for  falling  particulates.  It 
would  thus  be  desirable  to  Insert  the  spacecraft  in  the  payload  with  the  Orbiter  in  the 
vertical  position  to  eliminate  this  possibility.  It  is  believed  that  the  sunshade  will 
look  horizontally  in  botli  vertical  and  horizontal  Orbiter  positions,  and  thus  will  not 
be  as  vulnerable  to  falling  particulates. 

During  ascent,  the  venting  direction  of  the  gas  in  the  bay  will  be  essentially  away  from 
the  central  XZ  plane  of  the  Orbiter  toward  several  vents  in  the  bay  wall.  This  motion 
should  prevent  migration  of  particulates  along  the  bay  axis  due  to  aerodynamic  forces. 
Particulates  in  the  keel  area  in  the  same  XZ  plans  as  the  Teal  Ruby  may  be  swept  up 
in  the  vicinitj'  of  the  payload  aerodynamically,  but  this  is  unlikely  to  be  of  major 
significance  since  the  sensor  is  mounted  on  the  opposite  side  of  the  bay  from  the  keel. 

It  is  noted  that  the  Orbiter  bay  can  be  fitted  with  a liner  to  limit  migration  of  particulates 
between  the  keel  and  payload  areas.  Use  of  this  liner  is  desirable  for  Teal  Ruby  as 
a matter  of  procedure,  but  the  liner  can  exclude  only  particles  larger  than  35  pm 
(glass  bead  rating),  and  hence  would  not  offer  total  protection.  During  the  early  stages 
of  ascent  the  bay  will  be  subjected  to  a very  severe  aooustio  environment  which  will 
tend  to  create  particulates  and  to  enhance  their  mobility.  This  is  an  area  of  high 
concern.  Current  plans  are  to  protect  the  optical  assembly  from  particulate  deposition 
in  this  phase  witli  a deployable  sunshade  closure.  The  radiator  assembly  is  also 
sensitive  to  particulate  contamination.  At  present,  there  are  no  plans  to  provide  this 
assembly  with  a deployable  cover,  but  this  issue  will  be  addressed  in  more  detail 
under  Phase  R, 


t i 


When  the  bay  pressure  has  fallen  to  low  values,  outgasslng  of  all  materials  in  the  bay 
will  begin.  Characterization  of  the  outgas  flux  in  the  bay  at  this  time  would  be  a very 
complex  task.  The  problem  for  Teal  Ruby  is  that  species  outgassed  from  other  hard- 
ware may  condense  on  the  shroud  and  radiator  system.  This  can  occur  if  there  are 
other  structures  in  the  bay  hotter  than  the  Teal  Ruby  which  appears  likely.  This 
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problem  can  be  at  least  partially  reduced  by  heating  the  Sensor  Assembly.  The  problem 
of  outgassing  contamination  will  be  aggravated  when  fho  bay  doors  are  opened  and  the 
Teal  Ruby  radiator  begins  to  cool.  At  this  same  time,  tlie  radiator  will  be  exposed  to 
return  flux  from  the  Orblter  external  environment.  This  problem  will  be  assessed 
by  careful  detail  analysis.  For  example,  Lockheed  has  recently  measured  outgassing 
rates  for  ihe  Flexible  Reusable  Surface  Insulation  (FRSI)  on  the  Orblter  upper  wing 
surface,  and  has  concluded  that  after  the  first  flight  of  a given  Orbiter,  the  outgassing 
rate  of  the  RTV  560  adhesive  used  to  secure  the  FRSI  is  negligible,  and  tliat  the  major 
outgassing  component  is  H^O.  Since  HgO  will  not  condense  in  vacuum  on  surfaces 
warmer  than  about  200  K,  this  source  should  present  no  problem.  Detail  analysis  of 
this  type  will  be  made  on  a case-by-case  basis  to  assess  the  vulnerability  of  Teal  Ruby 
during  the  period  between  arrival  in  orbit,  and  separation  from  the  Orbiter.  At  the 
present  stage  of  analysis,  this  is  considered  to  be  the  most  contamination-critical 
stage  in  the  Orblter  laimch  procedure. 

The  possibility  of  contamination  during  separation  of  a spacecraft  from  the  Orbiter 
has  been  studied  in  detail  by  McDonnell  Douglas  Company  under  Contract  to  SAMSO 
(F94701-75-C-0198)  (Appendix  C to  SAMSO-TR-76-103).  This  work  estimated  the 
possible  contamination  of  DSP  and  DMSP  satellites  during  the  separation  phase,  and 
concluded  that  no  problems  were  anticipated.  Lockheed  will  assess  the  applicability 
of  these  results  to  the  Teal  Ruby  Program. 

5. 6 Orbital  Transfer.  The  orbital  transfer  phase  will  extend  from  when  the  spacecraft 
is  clear  of  the  Orblter  to  when  the  mission  orbit  is  attained.  Contamination  control 
during  this  phase  Is  achieved  by  the  following  steps. 

• The  Teal  Ruby  Sensor  Assembly  will  be  maintained  at  as  high  a temperature 
as  possible  in  order  to  minimize  the  possibility  that  impinging  molecular  flux 
will  condense. 

• Any  deployable  doors  or  shutters  on  the  Teal  Ruby  Sensor  Assembly  will 
remain  closed  to  minimize  access  of  contaminants  to  sensitive  locations. 
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j • A requiroment  wUl  be  made  that  the  condensible  molecular  flux  in  the  vicinity 

I of  the  Teal  Ruby  Sensor  Assembly  be  kept  below  maximum  acceptable  values 

\ consistent  with  the  maximum  contaminant  densities  of  Section  4. 0.  This 

, requirement  will  be  similar  to  that  for  orbital  operation,  section  5. 7,  and 

will  likewise  be  subject  to  negotiation.  During  orbital  transfer,  the  outgassing 
flux  level  generated  by  the  spacecraft  should  be  slightly  higher  than  during 
early  mission  operations,  but  should  pose  no  special  problems.  The  major 
additional  sources  to  be  assessed  during  this  phase  will  be  plume  and  pyro- 
1 technic  effects.  These  will  be  assessed  but  are  not  expected  to  pose  a 

( significant  threat  because  of  the  forward  location  of  the  Teal  Ruby  on  the 

I spacecraft  and  the  use  of  protective  doors. 

5. 7 Orbital  Operation.  During  orbital  operation,  the  Teal  Ruby  Experiment  will  be 
I exposed  to  the  following  sources  of  contamination. 

• Outgassing  from  the  Teal  Ruby  Experiment,  the  spacecraft,  and  other  space- 
craft payloads 

1 • Thruster  plume  products,  and  expended  apogee  motor  products 

• Reevaporation  of  surface  contaminants  deposited  earlier,  or  by  condensation 

; of  volatile  material  in  the  Orblter  bay  or  produced  during  orbital  transfer 

! activities 

The  amount  of  material  deposited  on  surfaces  in  prelaunch  activities  will  be  limited 
I to  negligible  values  by  the  prelaunch  contamination  control  plane,  sections  5. 1 to  5. 4. 

i The  accumulation  of  condensibles  in  the  Orbiter  bay  during  orbital  transfer  will  be 

I limited  by  the  control  procedures  applicable  to  these  two  phases,  sections  5.5  and  5. 6, 

respectively. 

i 

i The  contamination  flux  in  the  vicinity  of  the  Teal  Ruby  Sensor  Assembly  produced  by 

I the  spacecraft  and  other  experiments  will  be  controlled  by  establishing  a set  of  interface 

I specifications  for  allowable  contamination  levels.  These  specifications  will  list  all 

i critical  surfaces,  their  temperatures,  and  the  maximum  allowable- eontamination 

i 
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build-up  permitted.  It  is  assumed  that  final  satisfaction  of  these  requirements  may 
require  a number  of  discussions  between  LMSC  and  the  spacecraft  contractor. 

The  control  of  Teal  Ruby  self-contamination  by  outgassing  from  structural  materials 
is  the  major  concern  addressed  in  this  section. 

The  major  outgassing  species  most  likely  to  contaminate  the  Teal  Ruby  sensor  are 
by-products  from  polymeric  materials,  and  water  vapor.  The  polymeric  by-products 
originate  as  solvents,  catalysts,  unpolymerized  fragments,  etc. , which  are  implicit 
in  the  production  and/or  application  of  the  polymer.  V/ater  vapor  originates  as 
molecules  adsorbed,  absorbed,  or  chemisorbed  in  or  on  materials  from  the  atmos- 
phere. Condensible  molecular  fluxes  can  also  be  produced  by  the  evaporation  of 
lubricating  oils.  Outgassing  from  polymers  and  evaporation  of  oils  can  be  minimized 
by  applying  materials  selection  and  control  procedures  at  the  design  stage.  Since 
water  vapor  is  part  of  the  natural  environment,  it  is  difficult  to  control  the  amount 
carried  by  the  structural  materials,  and  other  means  of  preventing  contamination  by 
HjO  must  be  employed.  These  include  delaying  radiator  cooldown,  permitting  decay 
of  the  initial  high  rate  of  HgO  outgassing,  and  requiring  a capability  for  the  critical 
mirror  and  radiator  surfaces  to  be  heated  to  reevaporate  condensed  HgO.  The  efficacy 
of  these  procedures  will  be  monitored  by  providing  quartz  crystal  microbalance  con- 
tamination sensors  on  the  optical  and  radiator  assemblies.  These  control  procedures 
are  described  in  more  detail  below. 

5. 7. 1 Material  Outgassing  Control.  Polymer  outgassing  in  aerospace  applications 
is  currently  controlled  in  part  by  the  use  of  total  mass  loss  (TML)  and  volatile 
condensible  material  (VCM)  data.  These  data  give  the  TML  for  materials  heated  to 
125°  C in  a vacuum  for  24  hr,  and  the  VCM  collected  from  this  material  on  a 25°  C 
surface,  TML/VCM  data  and  methods  for  obtaining  them,  are  given  in  NASA  SP-R- 
0022.  It  has  been  customary  to  define  materials  with  TML  less  than  1%  andVCM  less 
than  0. 1%  as  being  acceptable  for  aerospace  use.  These  criteria  can  be  objected  to 
on  many  grounds,  including  the  following: 

• They  do  not  reflect  the  total  absolute  amount  of  outgassing  material 
produced 
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• They  are  limited  to  only  one  source  and  collector  temperature 

• They  give  no  data  on  the  variation  of  rate  with  time  or  geometry,  or  on  the 
number,  type,  and  properties  of  the  outgassed  species 

Since  sample  weighings  are  generally  made  outside  of  the  vacuum  chamber,  where 
H^O  can  readsorb,  these  data  do  not  accurately  indicate  the  amount  of  water  vapor 
present  in  a material.  Althou^  these  criteria  have  admitted  inadequacies,  the 
available  TML/VCM  data  base  is  extensive  and  widely  used.  Hence,  initial  material 
selection  will  be  made  on  the  basis  of  TML/VCM  acceptability. 

Materials  not  nominally  acceptable  on  the  basis  of  TML/VCM  criteria  may  be  accepted 
if  a detailed  analysis  of  their  Impact,  made  according  to  the  procedures  of  the  following 
sections,  indicates  that  they  do  not  constitute  a threat. 

Material  List.  A listing  of  all  materials  used  in  the  Teal  Ruby  Experiment  will  be 
compiled.  The  list  will  Include  material  type,  location  of  application,  manufacturer, 
preparation  and/or  application  specification;  maximum  operating  temperature;  and 
total  amount  used  to  an  accuracy  of  ± 20%.  A list  of  this  type  is  required  documentation 
from  each  subcontractor.  The  complete  listing  will  be  maintained  by  the  LMSC 
mechanical  design  activity. 

Preliminary  Outgasslng  Flux  Analyses.  An  initial  estimate  of  the  molecular  flux  levels 
at  the  locations  near  sensitive  surfaces  due  to  outgasslng  from  the  various  materials 
will  be  made  using  a view  factor  analysis,  TMLA'CM  data,  and  the  total  mass  of  each 
material.  For  300  K temperature  surfaces  it  will  be  assumed  that  only  the  VCM 
condenses.  For  lower  temperature  sur&ces  it  will  be  assumed  that  the  TML  fraction 
condenses.  Since  the  TML  data  are  for  much  higgler  source  material  temperature 
levels  than  the  expected  operating  temperatures  for  all  Teal  Ruby  surfaces,  these 
initial  flux  level  estimates  will  bo  hl^t. 

Evaluation  of  Threat.  Using  the  preliminaiy  estimates  of  the  condensible  contaminant 
flux  near  critical  Teal  Ruby  surfaces,  estimates  of  the  contaminant  accumulation  at  the 
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end  of  the  mission  will  be  made  and  compared  with  the  maximum  allowable  surface 
contamination  densities  estimated  under  section  4.4.  For  each  critical  surface,  a 
Judgment  will  be  made  as  to  whether  a given  source  represents  a negligible,  or  possible 
threat.  Sources  will  be  deemed  negligible  if  their  contribution  is  one  order  of  magnitude 
less  than  the  maximum  allowable  value.  Sources  of  possible  threat  will  be  subjected 
to  a more  detailed  analysis.  Those  will  be  made  in  conjunction  with  the  screening 
procedures  described  in  section  4.4.1. 
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Detailed  Outgasslng  Analysis  and  Control.  When  the  principal  outgassing  threats  have 
been  identified,  measures  will  be  taken  to  reduce  the  threat.  The  first  action  will  be 
to  obtain  more  accurate  outgasslng  data.  The  data  required  will  be  outgassing  rate  of 
each  outgas  species  at  the  operational  temperature  per  unit  exposed  area  as  a fimcUon 
of  timej  plus  the  condensibility  of  each  of  the  outgassed  species  as  a function  of  tem- 
perature. LMSC  has  recently  developed  apparatus  and  techniques  for  obtaining  data 
of  this  type.  Using  these  data,  more  accurate  estimates  of  the  condensible  outgas 
flux  levels  wUl  be  made  for  each  threatened  surface.  For  surfaces  still  apparently 
threatened  after  the  more  detailed  analysis  one  or  more  of  the  following  actions  will 
be  taken. 

• Specified  maximum  allowable  contamination  density  of  section  4. 4 will  be 
reviewed  to  determine  whether  it  can  be  relaxed 

• An  alternative  material  will  be  sought 

• An  application  and/or  preconditioning  program  will  be  specified,  which  may 
Include  preiraration  and  application  procedures  and  vacuum  bakeout 

• Mechanical  design  adjustments  may  be  suggested  such  as  the  provision  of 
shields  to  prevent  outgas  flux  from  specific  sources  from  reaching  specific 
surfaces 

• Specification  of  orbital  operational  procedures  for  the  initial  part  of  the 
mission  to  prevent  cooldown  of  critical  surfaces  until  the  outgassing  rate 
of  major  sources  have  decayed  by  several  orders  of  magnitudes. 

5.7.2  Delay  of  Cooldown  and  Shutter  Opening.  The  outgassing  rate  of  all  materials 
decays  more  or  less  rapidly  with  time.  The  time  dependence  of  outgasslng  rate  at 
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early  times  after  the  initiation  of  vacuum  exposure  falls  at  least  as  fast  as  (exposure 
“I/2 

time)  and  In  many  cases  decays  exponentially  with  time.  A significant  amount  of 
contamination  control  can  be  gained  by  delaying  opening  protective  coverings  or  start 
of  cooldown  until  these  initial  transients  have  had  an  opportunity  to  decay.  An  estimate 
of  the  desirable  duration  of  this  delay  will  be  made  under  Phase  n.  It  Is  expected  to  be 
of  tlie  order  of  a few  days  to  1 week. 

5.7.3  Warm-Up  Capability.  The  need  for  warm-up  capability  is  largely  due  to  the 
difficulty  of  controlling  H^O  outgassing  combined  with  the  use  of  exposed  cryogenic 
surfaces  on  the  Teal  Ruby  Sensor  Assembly.  Condensed  H2O  can  be  removed  by 
heating  the  contaminated  surfaces  to  the  region  of  160  K or  higher;  complete  rehioval 
of  all  adsorbed  HgO  by  heating  to  near  200  K is  desirable.  This  procedure  is  not 
possible  for  all  cooled  components.  The  focal  plane  assembly  would  be  difUcult  to 
heat,  but  seems  relatively  easy  to  protect  from  possible  HgO  sources.  The  major 
exposed  surfaces  are  the  optical  and  radiator  assemblies,  both  of  which  are  located 
near  to  multilayer  Insulation  wraps,  which  will  be  the  principal  sources  of  HgO.  These 
assemblies  will  therefore  be  capable  of  being  heated  to  200  K.  The  radiator  assembly 
can  be  heated  by  changing  the  spacecraft  attitude  so  that  the  radiator  views  the  sun. 

The  optical  assembly  will  be  provided  with  electrical  heating,  augmented  by  heat  flux 
from  the  radiator  to  the  optics  via  the  heat  pipe  during  this  attitude  change. 


In  principle,  it  would  be  desirable  to  be  able  to  heat  the  Teal  Ruby  to  temperature  about 
300  K,  so  as  to  be  able  to  evaporate  less  volatile  deposits.  This  capability  may  not  be 
possible  without  substantial  impact  on  the  system  design,  which  must  bo  balanced 
against  the  probability  that  the  capabilify  will  be  necessary.  With  this  in  mind,  it  is 
tentatively  assumed  that  all  contaminants  which  cannot  be  reevaporated  at  the  tem- 
peratures achievable  by  spacecraft  attitude  change  will  be  polymer,  and  outgas 
products  can  be  controlled  by  the  procedures  of  section  5. 7. 1.  Warm-up  above  200  K 
will  therefore  not  be  a prime  capabilify  requirement.  The  necessify  for  warm  up  will 
be  determined  by  the  indications  of  the  quartz  crystal  microbalance  monitors, 
section  5. 7. 4. 
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5. 7.4  Qiiartz  Crystal  Mlerobalanees.  Quartz  crystal  microbalances  (QCM)  will  be 
attached  to  the  optical  and  radiator  assemblies  of  the  flight  Sensor  Assembly  to 
monitor  contaminant  buildup.  In  the  radiator  assembly,  two  QCMs  will  be  attached 
mechanically  and  thermally  to  the  primary  and  secondary  radiators,  respectively. 

In  the  optical  assembly,  one  QCM  will  be  attached  thermally  and  mechanically  in  the 
plane  of  the  primary  mirror,  so  as  to  vie-w  the  pointing  mirror  through  the  telescope 
aperture  when  the  thermal  doors  are  open.  A QCM  will  be  located  adjacent  to  the 
outside  of  the  thermal  doors  and  will  view  the  pointing  mirror.  This  QCM  will  be 
attached  and  thermally  grounded  to  a 110  K surface,  such  as  the  inner  surface  of  one 
of  the  doors.  The  candidate  QCM  is  the  IBC  - Celesco,  Mk  8,  unit.  This  QCM  has 
a much  smaller  size  than  previous  units  and  hence  will  have  less  impact  on  the  sensor 
mechanical  design.  The  Mk  8 has  been  flight  qualified  (for  Nimbus-F  LRIR),  but  has 
not  yet  been  flown. 


■« 


The  purpose  of  the  QCMs  is  to  provide  real  time  contamination  monitoring  c^ability  in 
support  of  critical  contamination-related  mission  operations.  The  QCM  mounted 
outside  the  thermal  doors  will  monitor  the  condensible  molecular  flux  Incident  upon 
the  door  area.  To  protect  the  optical  system,  the  thermal  doors  should  not  be  opened 
until  this  Oux  rate  has  decayed  below  an  acceptable  value.  This  QCM  will  be  used 
chiefly  during  initial  cooldown  after  launch.  The  main  purpose  of  the  other  three  QCMs 
is  to  provide  continuous  monitoring  of  contamination  accumulation  on  the  optics, 
primary,  and  secondary  radiators.  Previous  fli^t  experience  with  radlatively  cooled 
optical  systems  has  shown  degradation  of  performance  of  the  optics  and  radiator  which 
could  not  be  positively  linlred  to  contamination  because  of  the  absence  of  instrumentation. 
The  three  QCMs  will  permit  malfunction  diagnostics  to  be  made.  If  loss  of  performance 
Is  accompanied  by  an  increase  In  the  QCM  output,  then  contamination  may  be  the  reason 
and  a warm-iq)  operation  (section  5. 7. 3)  will  be  required.  Since  QCMs  will  be  attached 
to  both  the  110  K primary  radiator  and  190  K secondary  radiator,  an  Indication  will  be 
available  as  to  the  source  of  the  contaminant,  since  HgO  will  condense  at  110  K but  not 
at  190  K.  If  a warm-up  is  required,  the  QCMs  will  indicate  when  the  contaminant  film 
has  been  reevaporated  and  the  heating  can  be  terminated. 
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All  QCMs  will  be  monitored  during  the  thermal-vacuum  testing,  in  addition  to  facility 
QCMs  deployed  around  the  Teal  Ruby  and  Spacecraft  to  measure  chamber  background 
during  tests.  It  is  desirable  to  operate  the  QCMs  as  soon  as  possible  after  launch  in 
order  to  monitor  the  contamination  levels  in  the  Orblter  bay,  and  around  the  Orbiter 
during  separation.  Since  the  Teal  Ruby  will  be  the  first  Orbiter-launohed  DoD  payload, 
this  information  would  be  of  significant  interest  to  SAMSO,  Hie  QCMs  will  be  operated 
intermittently  during  cooldown,  until  the  surfaces  that  they  monitor  fall  below  about 
130  K.  The  QCM  sensors  will  generate  about  140  mW  of  heat  each  while  in  operation. 
They  will  be  powered  only  as  long  as  required  to  obtain  a stable  reading.  After  cool- 
down, the  QCMs  on  the  radiators  will  be  used  to  monitor  long-term  contamination 
build-up  and  need  to  be  powered  and  read  no  more  than  once  per  day.  The  primary 
mirror  QCM  should  be  operated  on  a similar  basis,  except  that  this  QCM  should  be 
continuously  monitored  during  the  first  experiment  with  the  thermal  doors  open.  This 
capability  should  be  available  for  subsequent  experiments,  but  not  used  unless  mission 
experience  indicates  the  necessity.  Continuous  monitoring  of  all  QCMs  is  required 
during  a radiator  and/or  optics  assembly  warm-up  exercise. 

Although  QCMs  have  been  flown  on  many  payloads,  the  art  of  using  these  sensors  is 
still  developing.  The  QCM  is  a very  sensitive  device  and  produces  an  output  in  response 
to  change  in  several  environmental  parameters,  such  as  pressure,  temperature,  and  heat 
flux  through  the  crystal.  Also,  although  each  QCM  comprises  a pair  of  closely  matched 
crystals,  the  heat  frequency  of  these  crystals  varies  with  these  parameters  for  each 
pair,  and  the  form  of  the  variation,  diKers  between  pairs.  Hence,  some  background 
experience  is  necessary  with  specific  QCMs  in  order  to  separate  spurious  effects  due 
to  changing  environment  from  real  changes  in  deposited  mass.  A short  checkout 
program  on  each  flight  QCM  will  be  conducted  before  installation  on  the  Sensor 
Assembly.  This  program  would  consist  of  mounting  the  QCMs  in  a laboratory  vacuum 
chamber  and  subjecting  them  to  a pressture,  temperature,  and  heat  flux  cycling  program. 
This  program  would  verify  the  operation  of  the  QCMs,  and  would  permit  baseline  clean 
crystal  behavior  to  be  determined  for  each  unit. 
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6.1  Definitions 

6. 1. 1 Contaminating  Material.  Contaminating  material,  or  contamination,  is  any 
material  present  in,  on,  or  around  an  engineering  system,  which  is  not  required  for 
the  functional  performance  of  the  ^stem.  It  is  noted  that  in  the  case  of  adjacent 
functional  systems,  the  essential  {product  of  one  system  may  become  contaminaticn 
from  the  viewpoint  of  the  adjacent  system. 

6.1.2  Contamination  Effects.  Ihe  presence  of  contamination  in,  on,  or  around 
functional  systems  may  alter  the  properties  or  performance  of  these  systems.  The 
induced  change  in  properties  or  performance  is  the  contamination  effect. 

6.1.3  Contamination  Density.  Contamination  density  is  the  amount  of  contaminant 
per  unit  area  of  a surface,  or  per  unit  volume  of  a space,  as  appropriate.  The  amoimt 
of  a contaminant  may  be  expressed  as  mass,  thickness,  or  number  and  sir.e  distribution, 
as  appropriate. 

6. 1. 4 Sensor  Assembly.  The  Teal  Ruby  Sensor  Assembly  is  the  package  that  contains 
the  cooled  optics,  the  focal  plane,  the  radiators,  and  cryogenic  cooler.  There  are 
four  other  packages  that  constitute  the  experiment,  but  are  less  susceptible  to 
contamination-induced  performance  degradation. 


6.2  References 
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75-184,  AIAA  13th  Aerospace  Sciences  Meeting,  Pasadena,  Jan  1975 
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FOREWORD 


This  Corrosion  Prevention  and  Control  Plan  has  been  prepared  by 
I/]ckheed  Missiles  & Space  Company,  Inc.  (IMSC),  far  the  Defense 
Advanced  Research  Projects  Agency  (DARPA)  undc"  Contract 
F04701-77-C-0024  in  accordance  with  the  requirements  set  forth 
in  Section  3.  Id  of  the  Statement  of  Work. 
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Section  1 


1.1  INTRODUCTION 


LMSC  recognizes  that  the  Teal  Ruby  Experiment  will  be  subjected  to  corrosion  conditions 
during  its  ground,  prelaunch,  launch,  and  space  operations.  LMSC's  approach  to  pre- 
venting and  controlling  co'-TOsIon  is  to  first  identif^r  the  potential  corrosion  conditions 
which  may  exist;  and  second,  to  design,  manufacture,  and  operate  the  system  to  either 
eliminate  or  reduce,  to  an  acceptable  level,  any  potential  corrosion  damage, 

1.2  SCOPE 


This  plan  establishes  LMSC's  approach  to  corrosion  control  for  the  Teal  Ruby  Experiment. 
The  plan  has  been  prepared  in  compliance  with  MIL-STD-1568  as  applicable  to  the  Teal 
Ruby  Experiment. 

1.3  OBJECTIVE 


The  objective  of  this  plan  is  to  provide  the  guidelines  for  implementation  of  sound 
materials  selection  practices,  and  finish  treatments  during  the  design,  development, 
fabrication,  qualification,  and  operational  cycles  of  the  Teal  Ruby  E:q>eriment.  The 
plan  defines  the  responsibilities  of  LMSC's  project  manager,  responsible  corrosion 
engineer,  and  product  assurance.  The  plan  also  describes  how  the  corrosion  control 
and  prevention  program  will  be  handled  within  LMSC  and  how  LMSC  will  ensure  the 
adequacy  of  the  corrosion  control  and  prevention  programs  of  its  subcontractors. 
Where  functional  design  and  the  plan  produce  a conflict  in  the  selection  of  materials 
and  finishes,  functional  design  considerations  tahe  precedence.  The  differences  will 
be  normalized  by  steps  tahen  in  preservation,  packaging  and  handling  improvements. 
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Section  2 

REFERENCED  DOCUMENTS 

The  provisions  and  requirements  of  the  foUowing  documents  apply  to  the  extent  referenced 
herein. 

MIL-STD-1568  Materials  & Processes  for  Corrosion 

(sections  4. 5. 1. 1,  Prevention  and  Control  in  Aerospace 

and  5.1.2)  Weapons  Systems 

MIL-S-5002  Surface  Treatments  6 Inorgnic  Coatings 

of  Metal  Surfaces  of  Weapons  Systems 

MI1.-STD-889  Dissimilar  Metals 

IiAC-3901  Dissimilar  Metals,  Protection  of 


F-2-1. 


LOCKHEED  MISSILES  & SPACE  COMPANY.  INC. 


w- 


LMSC-5699518 


I I 


1 

Section  3 

ORGANIZATION  AND  RESPONSIBILITIES 

3.1  PROJECT  MANAGER 

The  project  manager  will  appoint  a cognizant  engineer  to  be  responsible  for  assuring 

the  adequacy  of  the  corrosion  control  program  for  the  Teal  Ruby  Experiment.  The 

corrosion  engineer  will  report  directly  to  program  management.  (See  Fig.  1) 

3.2  RESPONSIBLE  CORROSION  ENGINEER  (RCE) 

The  responsibilities  of  the  RCE  will  include: 

• Reviewing  materials  selection,  finishes,  and  other  critical  process 
procedures  called  out  on  engineering  drawings 

• Reviewing  the  required  operations  during  manufaclurlng,  materials 
handling,  packaging,  shipping,  testing,  modification,  and  at  other  times 
the  equipment  is  in  the  custody  of  LMSC,  and  applying  preventive  and 
corrective  procedures  as  necessary 

• Preparing  directives,  instructions,  and  specifications  related  to  matters 
involving  corrosion  control 

• Reviewing  LMSC  subcontractor  corrosion  control  methods  and  conducting 
periodic  reviews  on  a scheduled  or  nonscheduled  basis  of  subcontractor 
facilities  where  critical  parts  and  assemblies  are  being  fabricated,  processed, 
assembled,  and  readied  for  shipment,  to  evaluate  the  adequacy  of  sub- 
contractor efforts  in  corrosion  control 

3.3  QUAUTY  ASSURANCE 


The  Teal  Ruby  Quality  Assurance  organization  has  the  responsibllltv  of  assuring  that 
corrosion  control  activities  are  performed  and  do  comply  with  the  requirements 
specified  in  the  contract,  program  specifications,  and  plans. 
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3.3.1  Quality  Engineering  | 

The  assigned  quality  engineer  will  participate  in  the  review  and  approval  of  program-  j 

applicable  procedures,  engineering  drawings,  specifications,  and  their  revisions  to 

verify  that  the  device,  as  designed,  is  inspectable  and  that  adequate  and  required  j 

process  specifications,  finish  requirements,  material/part  selection,  test/analysis 

requirements,  and  similar  annotations  are  properly  and  clearly  called  out.  The 

quality  engineer  will  assure  that  necessary  Inspection  points,  with  appropriate  accept/ 

reject  criteria  are  cited. 

3.3.2  Inspection 

As  a minimum,  purchased  items  are  visually  inspected  upon  receipt,  for  identification, 
damage,  quantify,  and  presence  of  required  documentation.  Where  qualify  engineering 
has  predetermined  that  purchased  items  contain  corrosion  prevention  and  control 
requirements,  inspection  is  conducted  in  accordance  with  peculiar  Inspection  Instructions 
issued  by  qualify  engineering. 

3.3.3  Material  Handling,  Storage,  and  Shipping 

Qualify  Assurance  will  conduct  surveys  of  materials  handling  activities  and  practices 
throughout  the  assigned  fabrication,  assembly,  and  test  areas  on  an  on-going  basis. 

Any  handling  procedures  observed  which  have,  will,  or  could  result  in  loss,  damage, 
or  degradation  due  to  corrosion  shall  be  brought  to  the  attention  of  responsible  personnel 
for  corrective  action. 

Separate,  secure  storage  shall  be  maintained  for  program  supplies.  Purchased  items, 
after  receiving  inspection,  and  fabricated  articles  after  acceptance  will  be  held  in  this 
area.  Qualify  Assurance  will  perform  surveillance  of  the  materials  in  the  storage 
area  to  ensure  that  storage  methods  and/or  environments  are  not  degraded  due  to 
corrosion. 
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Quality  Assurance  Implements  a system  for  Inspection  and  control  of  all  material 
shipped  from  LMSC.  This  system  ensures  that  any  required  preservation  is  per- 
formed and  that  packaging  is  per  applicable  requirements. 

3.3.4  Records 

Records  are  accumulated  and  maintained  in  the  Data  Control  Unit  (DCU)  and  provide 
a complete  history  of  corrosion  control  activity  during  the  program. 


I I 


i: 


F-3-4 


LOCKHEED  MISSILES  & SPACE  COMPANY.  INC. 


LMSC-5699518 


I 


t' 


Section  4 

CORROSION  ENGINEERING  TASKS 


4.1  DESIGN  REVIEW 

The  HCE  will  monitor  design  and  test  activities  and  participate  in  design  reviews. 

Hie  RCE  shall  review  engineering  drawings  prior  to  design  reviews  for  proper 
application  of  materials  and  callout  of  processes.  Where  the  review  identifies  an 
application  condition  exceeding  the  allowable,  corrective  action  will  be  taken  in  the 
design,  or  justification  for  an  exception  to  the  allowable  will  be  developed  and  sub- 
mitted for  approval  and  resolution.  New  or  modified  materials  and  processes  shall 
be  a specific  agenda  item  during  all  hardware  design  reviews,  both  at  LMSC  and  at 
the  subcontractors.  Through  these  activities  the  RCE  will  ensure  that  the  maximum 
degree  of  inherent  corrosion  control  is  incorporated  in  the  Teal  Ruby  Experiment 
design. 

4.2  FWISH  SPECIFICATION 

A Finish  Specification  will  be  prepared  by  LMSC  and  its  purpose  will  be  twofold: 

(!)  The  Finish  Specification  will  comply  with  the  intent  of  MIL-STD-1568. 

It  will  provide  a listing  of  procedures  for  the  critical  finishes  which  will 
be  used  on  the  Teal  Ruby  Experiment  and  will  require  the  design  engineers  to 
designate  the  proper  finish  and  call  out  the  appropriate  section  of  the  finish 
specification  on  the  engineering  drawings.  Typical  finish  procedures  which 
may  be  listed  in  the  0nish  specification  Include  procedures  for  primer 
coatings,  organir.  coatings,  anodizing,  and  environmental  sealing. 

(2)  The  Fnlsh  Specification  will  provide  a listing  of  ail  other  procedures  which 
the  RCE  feels  are  needed  for  successful  corrosion  control.  These  procedures 
may  cover  such  areas  as  packaging,  shipping,  testing,  electrical  bonding 
and  bond  protection,  protection  of  dissimilar  metals,  drainage,  use  of 
adhesive  and  tapes,  and  cleaning  after  assembly. 
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The  Finish  Specification  will  be  revised  and  expanded  as  the  design  progresses  and  new 
process  controls  are  called  for.  Whenever  possible,  existing  LMSC  specifications  and 
procedures  which  have  been  used  successfully  for  similar  space  applications  will  be 
used.  Examples  of  such  procedures  are  included  in  Appendix  I. 

4.3  DOCUMENTATION  REVIEW 

The  RCE  will  review  all  LMSC  released  drawings  which  will  be  used  for  the  manufacture 
of  Teal  Ruby  Experiment  components.  The  RCE  will  also  be  responsible  for  ensuring 
that  the  applicable  sections  of  die  finish  specification  are  called  out  on  the  released 
drawings.  Suppliers  of  Teal  Ruby  materials  and  components  shall  be  governed  by  the 
same  corrosion  prevention  requirements  as  specified  for  LMSC. 
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Section  5 

GENERAL  REQUIREMENTS 

5. 1 MATERIALS  SELECTION  CONSIDERATIONS 

The  primary  consideration  in  the  design  and  construction  of  the  Teal  Ruby  Experiment 
system  is  the  ability  of  the  design  to  comply  with  structural  and  operational  require- 
ments. In  addition,  the  system  is  expected  to  perform  reliably  and  require  minimum 
maintenance  over  the  specified  lifetime,  which  includes  minimizing  the  rate  of  deterio- 
ration. Therefore,  in  the  selection  of  suitable  materials  and  appropriate  processing 
methods  to  satisfy  structural  requirements,  consideration  must  also  be  given  to  those 
materials,  processing  methods,  and  protective  treatments  which  reduce  failures 
caused  by  deterioration  of  parts  and  assemblies  in  service.  Deterioration  modes 
which  contribute  to  service  failures  include,  but  are  not  limited  to,  pitting  corrosion, 
galvanic  corrosion,  exfoliation  corrosion,  stress  corrosion,  corrosion  fatigue,  thermal 
embrittlement,  fretting  fatigue,  oxidation,  hydrogen  embrittlement,  weathering,  and 
fungus  growth.  In  the  entire  design  phase  attention  shall  be  given  to  precautionary 
measures  to  minimize  deterioration  of  individual  parts  and  assemblies  as  well  as 
the  entire  system. 

5. 1. 1 Metallic  Materials 

Preference  shall  be  given  to  corrosion-resistant  materials.  When  the  design  dictates 
the  need  for  a metal  that  is  not  inherently  corrosion-resistant,  a suitable  finishing 
system  shall  be  anr.iied  as  necessary  to  prevent  corrosion  during  the  storage,  test, 
and  perforar  mce  eye  i.-s.  (The  finish  called  out  will  be  listed  in  the  Finish  Specifica- 
tion. See  Para.  4.2  of  this  document). 
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Oissimilar  metal  combinations  will  be  avoided  insofar  as  possible.  When  dissimilar 
metal  combinations  occur,  they  shall  be  defined  and  protected  to  meet  the  require- 
ments of  MIIf-STD-889  for  purchased  hardware  and  all  other  hardware  used  under 
outdoor  weather  conditions,  or  I.AC-3901  for  LMSC-designed  and  fabricated  hardware 
used  in  normal  indoor  conditions. 

5. 2 DESIGN  REQUIREMENTS  EXCLUSION  OF  RAIN  AND  AIRBORNE  SPRAY 

The  design  of  the  system  and  ground  support  equipment  sliall  be  such  as  to  prevent 
water  leaking  into,  or  being  driven  into,  any  part  of  the  system  during  operations  or 
standby.  Particular  care  shall  be  taken  to  prevent  the  wetting  of  assembled  equipment, 
and  of  the  heat  and  soundproofing  materials.  Sharp  comers  and  recesses  will  be 
avoided  so  that  moisture  and  solid  matter  cannot  accumulate  to  initiate  localized  attack. 

5. 3 CORROSION  PREVENTION  DURING  MANUFACTURING  OPERATIONS 

Adequate  precaution  shall  be  taken  during  manufacturing  operations  to  maintain  the 
integrity  of  corrosion  preventive  design  requirements  and  to  prevent  the  introduction 
of  corrosion  or  corrosive  elements. 

5.3.1  Defect  Assessment 

Nonconforming  hardware  will  be  rejected  and  submitted  to  Materials  Review 
for  assessment  of  damage  and  repair  procedures. 

5.3.2  Surface  Damage 

Damage  to  any  previously  applied  surface  treatment  or  protective  finish  shall  be 
repaired.  Damage  to  surfaces  which  will  become  inaccessible  because  of  mating 
with  other  parts  shall  be  touched  up  prior  to  mating.  Organic  coatings  used  for 
repair  shall  be  the  same  as  those  on  the  undamaged  areas. 
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5.3.3  Marking 


Marking  materials  shall  not  be  harmM  to  surfaces  or  cause  corrosion  to  follow. 

5.3.4  Cleaning 

Cleaning  of  the  various  types  of  metallic  surfaces  prior  to  application  of  the  surface 
treatments  and  coatings  shall  meet  the  requirements  of  the  Finish  Specification. 
Materials  and  processes  selected  shall  serve  the  purpose  intended  andhave  no 
damaging  effect  on  the  metal.  Appropriate  inspection  procedures  shall  be  established. 
After  cleaning,  all  parts  shall  be  visually  free  of  corrosion  products,  scale,  paint, 
grease,  oil,  flux,  and  other  foreign  materials  Including  other  metals,  and  shall  be 
given  the  specific  treatment  as  soon  as  practicable  after  cleaning.  Particular  care 
•shall  be  exercised  in  the  handling  of  parts  to  assure  that  foreign  metals  are  not 
Inadvertently  transferred,  as  may  occur  when  steel  is  allowed  to  come  into  contact 
with  zinc  surfaces. 

5.4  PROTECTION  OF  PARTS  DURING  STORAGE  AND  SHIPMENT 

All  parts  and  assemblies  shall  be  given  adequate  protection  to  prevent  corrosion  and 
physical  damage  during  temporary  or  long  term  storage  and  shipment. 

5.5  IMPLEMENTATION  OF  GENERAL  REQUIREMENTS 

The  ROE  will  use  the  following  methods  to  implement  the  General  Requirements: 

• Program  directive?  designers.  Quality  Assurance,  Drav/ing  Checkers, 
and  Shop  Plannc'-t 

• Addition  of  nouis  to  engineering  dra^’togs 

• Review  of  chop  orders  by  Quality  Eni  aeering  in  order  to  verify  the 
inclusion  of  the  aoplicable  notes  and  i'.reotives 
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Section  6 

GENERAL  PRECAUTIONS 

6.1  METAL  PARTICLES 

Fabrication  and  assembly  procedures  shall  be  established  which  preclude  the  retention 
of  metallic  particles  or  pieces  such  as  chips,  slivers,  rivets,  bolts,  tools,  and  filings 
in  structures  for  which  no  access  exists  or  is  afforded  to  the  manufacturer  for  their 
removal.  A vacuum  cleaner  providing  strong  suction  shall  be  employed  for  frequent 
cleaning  operations  in  relatively  Inaccessible  areas.  Metal  cutting  or  filing  is  not 
permitted  on  an  assembly  after  it  has  been  accepted,  except  upon  specific  approval 
of  the  local  Government  Representative;  such  areas  shall  be  retouched  in  accordance 
wltli  the  detailed  finish  schedule  for  this  part. 

6.2  WELDING,  BRAZING,  AND  SOLDERING 

Welding,  brazing,  or  soldering  shall  no  be  permitted  on  an  assembly  after  it  has  been 
inspected  and  accepted  without  approval  of  the  RCE. 

6.3  DISAPPROVED  MATERIALS  AND  PROCESSES 

The  following  materials  are  disapproved  unless  specifically  authorized  by  the  RCE: 

• Unalloyed  cadmium,  zinc,  or  selenium,  except  internal  to  hermetically 
sealed  devices 

• Unalloyed,  electrodeposited  tin  unless  subsequently  hot  Cowed 

• Corrosive  solder  fluxes 
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APPENDIX  A 

The  two  LMSC  process  specifications  found  in  this  appendix  are 
examples  of  existing  LMSC  specifications  which  were  written  for 
space  applications  similar  to  the  Teal  Ruby  Experiment.  The  two 
specifications  includes  are  as  follows: 

LAC  01  TOD  General  Cleaning  of  Parts  and  Surfaces 

LAC  3901B  Dissimilar  Metals  Protection  Of 
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PROCESS 


SPECIFICATION 


GENERAL  CLEANING 
OF  PARTS  AND 
SURFACES 


NUMBER: 

LRKC  LAC  0170 


Revision  D,  74  June  24 


EFFECTWITY  DATE- 

74  Ouuf  3 


PACE  I OP  20 


1, 1 Thitj  specification  establishes  general  cleaning  requirements  for  parts,  surfaces,  and 
equipment,  and  is  applicable  to  flight  vehicles  and  aerospace  ground  equipment.  Specific 
cleaning  requirements  on  the  engineering  drawing  or  in  another  specification  shall  take  prece- 
dence over  the  requirements  of  this  document.  (Refer  to  table  1 and  section  6. ) 

C 1.2  Classification.  The  cleaning  processes  specified  herein  shall  normally  be  designated  by 
classes,  as  follows  (where  no  class  is  specified,  -000000  is  intended): 


LAC  0170-000000 


LAC  0170-010000 


LAC  0170-020000 


LAC  0170-030000 


LAC  0170-040000 


LAC  0170-050000 
LAC  0170-000000 


LAC  0170-070000 
LAC  0170-080000 


Any  combination  of  the  following  cl.asses  (see  table  I and  3.2) 
for  relationships  of  basis  materials,  soils,  and  cleaning  processes); 

Solvent  cleaning  (see  3. 2. 1 to  3. 2. 1, 2, 1 for  removal  of  organic 
contamination  such  as  oil,  grease,  lubricants,  and  fingerprints) 

Abrasive  cleaning  (see  3. 2. 2 to  3, 2. 2, 3 for  removal  of  scale, 
oxides , and  smilar  tightly-adherent  contaminants) 

Alkaline  cleaning  (see  3. 2. 3 to  3. 2, 3. 7 for  removal  of  water 
soluble,  washable,  or  emulsified  films) 

Acid  cleaning  (see  3. 2. 4 to  3. 2. 4. 3 for  removal  of  heat  treat- 
ment and  casting  scale,  mill  process  scale,  embedded  foreign 
materials,  fluxes,  and  similar  contamination) 

Descaling  by  the  molten  salt  or  scale  process  (see  3.2,7. 1 
and  3. 2. 7. 3) 

Steam  cleaning  (sec  3. 2. 7. 2) 

Removal  of  paint  (see  3. 2. 9) 

Removal  of  fluxes  (see  3.2. 10) 


2.  APPLICABLE  DOCUMENTS 

2. 1 The  following  documents  form  a part  of  this  specification  to  the  extent  specified  herein. 
Unless  otherwise  indicated  in  the  listing,  the  latest  issue  in  effect  shall  apply. 

SPECIFICATIONS 


O-H-795  Hydrofluoric  Acid.  Technical 

F-A-2 

n Ms  *4  A fftrC*,  f«a  sWf  M kr  t*  *W  M tutf!  •«  ttfmOf  *4 


i '"i 

r • 



• ■ -t 

; . -■ 

^ j 

. 

IAC0170 

Reviilon  D 

PROCESS  SPECnriCATION 

i 

5 

; 

Page  2 of  20 

1 • 

O-N-350 

Nitric  Acid,  Technical 

; ■ i 

. 

O-T-236 

Tetracliloroethyleoe  (Perchloroethylene);  Technical  Grade 

1 

O-T-634 

Trichloroethylene,  Technical 

'■  1 

P-C-451 

Cloth,  Abrasive,  Aluminum  Oxide  and  Silicon  Carbide 

; : 

1 

I 

P-C-635 

Cleaning  Compound,  Platers  Electrocleaning 

i 

:■  i 

P-D-680 

Dry  Cleaning  Solvent  (Stoddard  Solvent) 

r -■! 

QQ-P-35 

Passivation  Treatments  for  Austenitic,  Ferritic,  and  Martensitic 
Corroslon-ResisUng  Steels  (Fastening  Devices) 

. ; 

^ 1 

TT-C-490 

Cleaning  Methods  and  Pretreatment  of  Ferrous  Surfaces  for 

Organic  Coatings 

' 

1 

TT-f-735 

Isopropyl  Alcohol,  Technical 

^ ^ 

TT-M-261 

Methyl-Ethyl  Ketone  (for  Use  in  Organic  Coatings) 

i 

■ j 

TT-M-268 

Methyl-lsobutyl  Ketone  (for  Use  in  Organic  Coatings) 

r 

rr-T-291 

Thinner,  Paint,  Volatile  Spirits  (Petroleum  Spirits) 

E ^ 

•1 

MlUUrv 

> 

I 'I 

MIL-M-3I71 

Magnesium  Alloy,  Processes  for  Pretreatment  and  Prevention 
of  Corrosion  on 

L 1 
: ' -1 

3nL-S-S002 

Surface  Treatments  and  Metallic  Coatings  for  Metal  Surfaces  of 

Weapons  Systems 

i 

] 

‘ i 

MIL-C-5410 

Cleaning  Compound,  Aluminum  Surface,  Non-Flame-Sustalning 

i 

MII/-C-S541 

Chemical  Conversion  Coatings  on  Aluminum  and  Aluminum  Alloys 

1 

MIL-D-6998 

Dlehloromethane,  Technical 

■i 

MIL-A-21380 

Abrasive  Material,  for  Blasting 

i 

.1 

MIL-C-25769 

Cleaning  Compound,  Aircraft  Surface,  Alkaline  Waterbase 

■ 'i 

i 

MlL-0-43616 

Cleaning  Compound,  Aircraft  Surface 

: 

; f 

' 1 

MIL-C-81302 

Cleaning  Solvent,  Trlcklorotrifluoroethane 

1 

i 

' i 

MIL-T-81533 

1,1,1-Tricbloroethaae  (Methyl  Chloroform)  Stabilized 

\ 

STANDARDS 

MIL-STD-753 

Corrosion-Resistant  Steel  Parts;  Sampling,  Inspection  and  Testing 
fpr  Surface  Passivation 

j 

n 

(Copies  of  Government  epecificatlons,  standards,  drawings,  and  publications  required  by  sup-^i^ 
pliers  in  connection  with  specific  procurement  functions  should  be  obtained  from,  or  as  direct/  i 
l>y,  the  Govornmont  represoi(tative  normally  servicing  the  supplying  activity.) 

] ■■ 

jj 

£ ! 

1 ! 

6>' 

f»t  r.«MW  h fW 

• 

U 

L_ 

F-A-3 

i 

t 

: 

PROCESS  SPECinCATJON 


I! 


c 


3.  REQinREMENTS 

3. 1 Materiala  and  Eoulpment 


LAC  0170  j 

Revision  n ] i 

Page  3 of  20  la 

- i % 


3. 1. 1 Materiala.  Chemicals,  saluUana,  cleaners  and  solvents  for  this  specification  shall  be 
commercial  grade.  Technical  or  specification  grade  (e.  g. , O-N-350,  P-D-680,  TT-1-735, 
TT-M-261,  MrL-C-S410,  or  MJL-C-SS41,  etc. , as  In  2. 1),  In  that  order,  shall  be  used  when 
commercial  grade  has  not  been  proven  satisfactory  or  Is  not  available  (see  6. 2. 1. 4).  An 
equivalent  material  shall  bo  acceptable  when  production  use  or  data  support  Its  use. 


3. 1. 1. 1 End  Rem  Identifiable  Materials.  Not  applicable. 


3. 1. 1. 2 Process  Consumable  Materials 

3- 1- 1-  2. 1 Solvent  Cleaning  Materials.  Solvent  cleaning  shall  be  with  technical  or  specifica- 
tion grade,  shown  below.  If  commercial  grade  Is  unsuitable. 

Material  Applicable  Document 

Idescrlntlonl  ffor  specification  grade,  onlvl 


Methyl  Chloroform 
(1,1,1  -Trichlorocthane,  Stabilized) 

MIL-T-81533 

Methylene  Chloride 
(Dlchloromethane) 

Mn.-D-4998 

Methyl-Ethyl  Ketone 

TT-M-261 

Methyl -Isobutyl  Ketone  (MIBK) 

TT-M-268 

Porchloroethylene,  Stabilized 
(Tctrachloroethylcne) 

O-T-236 

Trichloroethylene,  Stabilized 

O-T-634 

Trichlorotrlfluoroethane,  Stabilized 

MIL-C-81302 

I 


D 3. 1. 1. 2,  2 Abrasive  Cleaning  Materials.  Abrasives  used  in  this  process  shall  be  of  compati- 
ble material  and  grit  size  such  as  MIL-.A-21330,  P-C-451  equivalent,  to  produce  the  sur- 
face finish  (roughness-height  rating  (RHR))  required  (see  table  m as  a guide  for  alternate 
methods). 


3. 1. 1. 2. 3 Alkaline  Cleaning  Methods.  Alkaline  cleaners  for  tlJs  cleaning  specification  shall 
have  been  previously  used  or  tested  to  demonstrate  their  cleaning  effectiveness  on  the  various 
materials  ana  to  verify  that  metal  surfaces  will  not  be  damaged  by  their  effect.  Such  materials 
as  P-C-535,  MII.-C-25769,  or  MlL-C-43616  or  equivalent,  are  acceptable.  Electrolytic  use 
Is  acceptable  if  more  effective  cleaning  results. 

3.  1. 1. 2. 4 Acid  Cleaning  Materials.  ,The  materials  used  In  making  up  acid  cleaning,  plcklii 
s.-)lutlon.s,  etc. , shall  conform  to  the  requirements  of  3. 1. 1.  The  mixed  solutions  shall  bo 
controlled  to  produce  satisfactory  cleaning  and  at  the  same  time  not  damage  parts  (sec  6.  2. 2 
as  a guide  for  solutions).  Acids  shall  be  of  technical  grade  or  better,  such  as  specified  In  the 
applicable  documents  section. 

3. 1. 2 Etiulpment.  Equipment  used  In  this  process  shall  bear  calibrated  Instrumentation, 
where  applicable. 
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3. 2 Proceas  Operatlcns.  Where  no  particular  elaes  is  designated  on  the  drawing,  table  I,  ' 
-000000  shall  be  appllcaSie.  When  general  reference  is  made  to  a cleaning  material  or  methoo. 
the  appropriate  requirements  under  the  cleaning  section  of  the  same  subject  are  Intended. 
Cleaning  per  TT-C-490,  MIL-M-3171,  and  MIL-S-5002  are  acceptable  equivalent  methods  for 
the  applicable  basis  metals  (see  also  3. 2, 11). 


C 3. 2. 1 Solvent  Cleaning.  Solvent  cleaning  shall  be  used  lor  removal  of  organic  contamination 
such  as  oil,  grease,  lubricants,  fingerprints,  and  whenever  specified  by  the  engineering  docu- 
ments. For  purposes  of  this  specification,  solvent  cleaning  shall  Include  vapor  degreasing  and 
ultrasonics  and  may  be  preceded  by  wipe,  spray.  Immersion  or  other  hand  cleaning.  Solvents 
shall  be  compatible  with  the  surfaces  to  be  cleaned,  and  any  other  materials  they  may  contact 
during  solvent  cleaning.  Their  detail  use  at  LMSC  shall  be  In  accordance  with  supporting 
documentation  (see  6. 2, 1. 4). 


C 3. 2. 1. 1 Vapor  Degreasing.  Vapor  degreasing  may  Include  ultrasonic  liquid  Immersion  clean- 
ing and  .shall  consist  of  exposing  the  part  or  assembly  being  cleaned  to  vapors  from  heated 
baths  of  stabilized.  Inhibited  solvents.  Approved  vapor  degreasing  solvents  Include  trichloro- 
ethylene, methyl  chloroform  (1, 1,  l-trlchloroethane),  perchloroethylene,  and  trlchlorotrl- 
fluorocthane.  Vapor  degreasing  shall  be  the  preferred  solvent  clc^ng  process  and  shall  be 
used  when  adequate  vapor  degreasing  facilities  arc  accessible,  configuration  of  the  part  or 
assembly  permits  Immersion  In  the  degreasing  tanh,  the  part  or  assembly  docs  not  contain 
solution-entrapment  areas,  .and  none  of  the  component  materials  of  the  part  or  assembly  Is 
subject  to  chemical  or  thermal  damage  by  the  solvent  vapors.  P.srts  and  assemblies  contain- 
ing rubber,  nonrclnforccd  thermo-plastic  parts,  painted  or  plastic-coated  parts  shall  be  liquid- 
solvent  cleaned  rather  than  vapor  degreased.  Vapor-degreased  beryllium  parts  shall  be  baked 
at  200  to  220°F.  to  remove  all  traces  of  solvent.  Titanium  and  titanium  alloys  shall  be  alka- 
line cleaned  immediately  following  vapor  degreasing  (ivlthln  2 hours). 


C 3. 2. 1. 2 Uould-Solvcnt  Cleaning.  Solvents  shall  be  of  approved  quality,  or  better,  and  shall 
be  applied  by  hand-wiping  with  a clean  cloth  or  nonmetalllc  brush,  by  spraying,  or  by  Immer- 
sion and  agitation  (Including  ultrasonic  liquid-phase  cleaning).  Chlorinated,  ketone-type  and 
other  organic  solvents  are  approved  If  compatible,  and  If  proper  controls  for  their  effective 
use  l.s  established.  If  commercial  or  tcchiUcal  grades  are  not  available,  the  solvents  In 
3. 1. 1 . 2, 1 arc  approved.  Water  and  corrosion  preventives  such  as  aqueous  solutions  of  alco- 
hol and  phosphoric  acid  may  be  used  on  all  metallic  surfaces  (cxeept  titanium)  for  the  removal 
of  such  contaminants  as  spills,  fingerprints,  and  perspiration  stains.  Residue  remaining  shall 
be  thoroughly  rinsed  off  with  water,  and  dried  Immediately. 


3. 2. 1, 2. 1 Solvent  Cleaning  Konmetals.  The  preferred  method  for  removing  oil,  grease,  and 
similar  contamination  from  nonrclnforccd  plastic  parts  (such  as  transparent  and  translucent 
plastics)  shall  be  wiping  with  a clean  cloth  or  soft  paper  tissue,  moistened  with  a solvent-type 
plastic  cleaner.  Parting  agents,  grease,  oil,  .and  similar  contamination  shall  be  removed 
from  thermosetting  and  reinforced  thermoset  plastics  by  hand  wiping  with  methyl  chloroform 
or  with  trlchlorotrlfluoroeth.anc,  or  equivalent.  Removal  of  parting  agents  may  require  abra- 
sive clc.mlng  In  .accordance  with  3. 2. 2.  Hand-solvent  cleaning  of  electrical  and  electronic 
p.irt3  and  components  shall  be  accomplished  by  hand  wiping  with  a solvent  per  3. 2. 1. 2,  or 
with  one  of  the  solvents  In  the  appllc^le  documents  section,  or  equivalent. 

C .3. 2. 2 ;\brasivc  Clc.ining.  Pc.alc,  oxides  and  similar  tightly  adherent  contaminants,  not  re- 
movable by  solvent  or  aqueous  solution  cleaning  processes  shall  be  removed  by  abrasive 
Cleaning  methods.  AH  .ibr.aslve  cleaning  methods  shall  be  controlled  to  maintain  applicable 
surface  finish  requirements,  dimensional  tolerances,  and  part  configurations.  Except  for 
touchup  or  repair,  .all  lypc.s  of  abrasive  cleaning  shall  be  followed  by  an  appropriate  cleaning 
process  (such  ns  alk.ilinc  cleaning)  to  remove  residual  abrasive  particles,  dust,  lint,  and 
.similar  contaminants.  In  cases  of  touchup  or  repair,  abrasive  cleaning  shall  be  followed  by 
hand  wiping  in  accordance  with  3. 2. 1. 2.  All  abrasive  materials  used  shall  bo  compatible 
witli  the  material  being  abraded,  and  shall  lie  of  .appropriate  grit  size  for  beet  clea^ng  results 
(sec  table  III).  / 
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Cleaning  Requirements 


(«) 


Cleaning 

Methods 


Basis 
Materials 
(includes  alloys) 


Aluminum 

Beryllium 

Copper 

Magnesium 

Titanium 

Steel 

CRES  Steel 
Nickel  Alloys 
Nonmetals 


Cleaning 

Methods 


Basis 
Materials 
(Includes  alloys) 


Aluminum 

Beryllium 

Copper 

Magnesium 

Titanium 

Steel 

CRES  Steel 
Nickel  Alloys 
Nonmetals 


-000000  ‘ 
Combination 
Cleaning 


Removes  resl- 
due  from  tool- 
ing,,forming 
dies,  peening, 
or  any  combi- 
nation (3.2.1) 


-000000 


-000000 


-040000 

Acid 

Cleaning 


Removes 
scale, 
oxides  and 
metallic 
surface 
contami- 
nants, etc. 
(3.2.4) 


-040000 


*Not  applicable. 


ri/  is/>M«riac  t 


-040000 


N/A 


-010000 

-020000 

Solvent 

Abrasive 

Cleaning 

Cleaning 

R»  moves 

Removes  in- 

organic  soils. 

soluble  oxides, 

oil.  greaae* 

heat  treat. 

fingerprints. 

weld  scale. 

Inks  dye*  paint, 
etc.  (3.2.1) 

etc.  (3.2.2) 

(b) 

(b) 

-010000 

-020000 

-010000 

-020000 

-010000 

Per  drawing 

but  no  vapor 
degresse 

-050000 
Descaling  - 
Molten  Salt 


Removes 
heat  treat 
scale 
from  high 
temperature 
alloys 
(3. 2. 7.1) 


N/A* 


N/A 


-050000 


-050000 


N/A 


-060000 

Steam 

Cleaning 


Removes 
heavy  soils 
where  im- 
mersion is 
not  practi- 
cal 

(3.2. 7. 2) 
(0) 


-060000 


-060000 


N/A 


-030000 

Alkaline 

Cleaning 


Removes  films, 
smudges,  smut, 
markings,  thin 
film  contamina- 
tion, etc.  (3. 2.3) 

(b) 


-030000 


-030000 


-070000 

Paint 

Stripping 


Removes 
old  paint 
and  organic 
coatings 
(3.2.9) 


-070000 


-070000 


Per  drawing 


-080000 

nux 

Removal 


Removes 
flux  from 
soldering, 
brazing, 
welding,  etc. 
(3.2. 10) 


-080000 


— QaiiOOO, 


N/A 
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TABLE  1 (Continued) 


(a)  AU  cleaning  requirement!  ore  the  minimum!  acceptable;  equally  effective  cleaning  per 
3. 2. 11 1!  aultable.  (Alao  aee  3. 2. 8. ) 

(b)  Dirt  and  contamlnanta  not  readily  removed  aa  organic  (-010000)  or  Inorganic  (-020000) 
may  alao  be  cleaned  by  -030000  (for  titanium,  aee  alao  3, 2. 2. 3). 

(c)  Heavy  solla,  old  paint,  etc.  can  be  removed  by  ateam  cleaning  (-060000),  or  any  combi- 
nation (-000000). 


3. 2. 2. 1 Mechanical  and  Manual  Abrading  Methoda.  Abraalve  cleaning  ahall  be  accompllahed 
by  abrading  or  acnibblng  the  part  aurface  with  an  effective  material,  with  or  without  a wetting 
agent.  The  coated  abrader  may  be  power  driven  provided  part  aurfaee  temperaturea  do  not 
degnde  the  material  being  abraded.  Relnforced-plaatlc  aurfacea  manually  abraded  to  remove 
parting  agcr.ta  and  other  contamlnanta  In  preparation  for  bonding  ahall  be  aolvent  cleaned  In 
accordance  with  3. 2. 1. 2. 1. 

C 3.  *.  2. 2 Drv-Blastlng  Methods.  Abrasive  materials  used  in  dry-blast  cleaning  shall  be  com- 
patible with  the  material  being  cleaned.  Abrasive  materials  (grit,  glass  beads,  etc.)  being 
used  shall  not  contain  residual  metal  particles  from  a previous  blast  cleaning  of  a dissimilar 
material.  For  purposes  of  this  specification,  the  following  general  material  classes  shall  be 
considered  as  dissimilar: 

a.  Aluminum  alloys  and  beryllium: 

b.  300  CUES,  titanium  alloys  and  high  nickel  alloys; 

c.  400  CUES,  low-alloy,  carbon  and  PH  type  steels;  ^ 

d.  Copper  and  copper  alloys; 

e.  Magnesium  alloys,  .3000,6000  and  casting  alloys  of  aluminum; 

f.  Nonmetals-plastlcs. 

D 3. 2. 2. 3 Wet-Blasting  Methods.  Vapor  blasting  (commonly  referred  to  as  liquid  honing)  shall 
be  accomplished  by  subjecting  the  part  to  a high  velocity  stream  of  atomized  water  containing 
a fine  abrasive.  A pretested  corrosion  Inhibitor  may  be  used  provided  such  Inhibitor  Is  main- 
tained in  a condition  noninjurlous  to  the  surface  being  honed.  A common  slurry  may  be  used 
for  liquid  honing  of  all  metals  provided  residue  on  the  abraded  surface  la  removed  afterwards 
by  acid  pickling  or  etching  to  remove  abrasive  residues.  Liquid  honing  shall  be  the  preferred 
method  for  abrasive  cleaning  of  titanium,  titanium  alloys,  and  beryllium.  Liquid  honing  of 
titanium  and  titanium  alloys  ‘may  be  followed  by  acid  pickling  In  accordance  with  3. 2. 4. 

3.2.3  Alitaline  Cleaning.  Alkaline  cleaning  shall  be  used  for  the  removal  of  water  soluble 
or  emulsifier  films  and  solids  such  as  dust,  smut,  stain,  fingerprints.  Inks,  dyes,  sail,  and 
.niirasivo  particles;  or  whenever  spoclfied  on  the  engineering  drawing,  approved  weld  proce- 
dure. or  In  another  SSD  proqess  specification.  Cleaning  solution  concentrations,  bath  tem- 
peratures, immersion  times,  and  operating  voltages  shall  be  controlled  to  assure  adequate 
cleaning  while  preventing  metal  removal  in  excess  of  conformance  with  engineering  drawlt^ 
tolerances.  Proprietary  cleaners  may  be  used  with  proper  LMSC  approval,  and  in  accord- 
ance with  the  recommendations  of  the  cleaner  manufacturer.  All  parts  shall  be  solvent 
cleaned  in  accordance  wila'3. 2.1  prior  to  being  alkaline  cleaned.  After  alkaline  cleaning, 
all  parts  shall  be  rinsed  In  accordance  with  3.2.5.  Unless  the  next  processing  step  Is  a 
chemical  treatment  such  as  plating,  anodizing  or  chemlcal-film  treatment,  parts  shall  be 
dried  thoroughly  In  accordance  with  3. 2. 6 after  the  final  cold  rinse.  Water  and  detergent  ^ 
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cleaning  are  acceptable  when  rlnecd  afterward.  Hand  scrubbing  will  Increase  the  effective- 

.) 

r 1 

ness  of  the  cleaning  action.  Electrolytic  cleaning  Is  acceptable  unless  otherwise  specified. 

3. 2. 3. 1 Alkaline  Cleaning  ofAluminum  and  Aluminum  Allovs.  Aluminum  and  aluminum 

■1 

alloys  shall  be  alkaline  cleaned  nonelcctrolyilcally  using  a nonctchlng,  Inhibited  cleaner  In 
accordance  with  recommendations  of  the  manufacturer.  Etching  cleaners  arc  acceptable  for 
cleaning  heavy  or  ground-in  soils  if  part  dimensions  and  tolerances  are  not  exceeded  by  ex- 
cessive metal  removal. 

C 3. 2. 3. 2 Alkaline  Cleaning  of  Beryllium.  Beryllium  shall  be  alkaline  cleaned  using  a non- 
ctchingt  inhibited  cleaner  in  accordance  with  recommendations  of  the  manufacturer.  Anodic, 
cathodic,  or  nonclcctrolytlc  cleaning  is  permitted. 

3.  2. 3. 3 Alkaline  Cleaning  of  Carbon  and  Low-Alloy  Steels.  Carbon  and  low-alloy  steels 
shall  be  alka  inc  cleaned  by  either  electrolytic  or  nonelectrolytlc  methods  or  a combination 
of  both,  using  n strong,  heavy-duty  alkaline  cleaner  in  accordance  with  recommendations  of 
the  manufacturer.  Carbon  and  low-alloy  steels  shall  not  be  processed  in  solutions  which 
have  been  used  to  process  cc  )per,  copper  alloys,  or  copper-bearing  alloys. 

3. 2. 3. 4 Alkaline  Cleaning  of  Copper  and  Copper  Alloys.  Copper  and  copper  alloys  shall  be 
alkaline  cleaned  using  a nonetching,  inhibited  clearer  In  accordance  with  recommendations 
of  the  manufacturer. 

3. 2. 3.  5 Alkaline  Cleaning  of  Magnesium  and  Magnesium  Alloys.  Magnesium  and  magnesium 
alloys  shall  bo  alkaline  cleaned  using  a strong,  heavy-duty  alkaline  cleaner  in  accordance 
with  recommendations  of  the  manufacturer.  Magnesium  or  magnesium  alloys  shall  not  be 
processed  in  solutions  which  have  been  used  to  process  any  other  metal.  Cathodic  cleaning 
is  acceptable  with  prior  LMSC  approval. 

3. 2. 3. 0 AlU?Jine  Cleaning  of  Corrosion  and  Heat  Resisting  Steels  and  Noncopper-Bearlng 
NicKcl  Alloys.  Corrosion  and  heat-resistant  steels  and  noncopper-bearIng  nickel  alloys 
shall  bc^kallr.c  cleaned  by  electrolytic  or  nonelectrolytic  methods  using  a strong,  heavy- 
duty  alkaline  cleaner  in  accordance  with  the  recommendations  of  the  manufacturer.  Electro- 
lytic cleaning  shall  be  accomplished  with  the  steel  part  as  the  anode.  Corrosion  and  heat- 
resistant  steels  shall  not  be  processed  in  solutions  which  have  been  used  to  process  copper 
alloys  or  copper-bearing  alloys. 

D 3. 2, 3. 7 Alkaline  Cleaning  of  Titanium  and  Titanium  Alloys.  Titanium  and  titanium  alloys 
shall  be  alkaline  cleaned  using  alkaline  cleaner  m accordance  with  recommendations  of  the 
manufacturer. 

C 3. 2. 4 Acid  Cleaning.  Acid  cleaning  shall  be  used  for  removal  of  heat  treatment  and  casting 
scale,  mill  process  scale,  embedded  foreign  materials,  fluxes  and  similar  contaminants, 
and  whcncv<  :*  specified  on  i>)c  engineering  drawing,  approved  weld  procedure  or  in  another 
SSI)  process  .'•peoificatlon.  Kor  purposes  of  this  specification,  acid  cleaning  shall  be  pickling 
.md  etching,  passivating,  or  bright  dipping.  All  surfaces  shall  be  free  of  oil,  grease,  lubri- 
cants, and  similar  contaminants  prior  to  acid  cleaning. 

D 1.2.4. 1 Pickling  and  Etching.  Immersion  times,  temperatures,  and  solution  concentra- 
tions for  acid  pickling  and  etching  of  metals  shall  be  controlled  to  provide  clean  surfaces 
while  maintaining  engineering  drawing  dimensional  tolerances  and  surface  finish  requirements. 
Parts  and  a»scmblios  with  geometries  conducive  to  solution  or  cleaner  entrapment,  or  which 
contain  dissimilar  metal.'i  (as  defined  in  3. 2. 2. 2)  shall  not  be  pickled  or  etched  by  immersion. 
Acid  pickling  and  etching  shall  bo  preceded  by  alkaline  cleaning  in  accordance  with  3.2.3. 

The  pickled  or  clchcd  parts  shall  be  rinsed  thoroughly  in  accordance  with  3.2.5.  Drying  may 
be  omittexi  when  parts  arc  to  be  further  chemically  processed  with  out  delay.  Carbon  steel 
parts  which  have  been  pickled  and  are  to  be  used  without  further  processing  shall  be  rinsed, 
alkaline  cleaned,  rerinsed,  and  thoxx/jghly  dried.  Ttyplcal  pickling  and  etching  treatments, 
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acceptable  for  conformance  with  this  specification,  are  provided  In  6.2  for  Information  only. 
Equivalent  pickling  per  QQ-P-35,  TT-C-490,  or  MIL-S-5002  shall  be  acceptable. 

3. 2. 4. 1.1  Pickling  and  Etching  of  Aluminum  and  Aluminum  Alloys.  Aluminum  and  aluminum 
alloys  shall  be  etched  (deoxidized)  prior  to  resistance  welding  unless  otherwise  specified  on 
the  engineering  drawing,  approved  weld  procedure,  or  In  another  process  specification.  Heat 
treatment  scale,  casting  and  mill  process  scale,  embedded  foreign  material,  fluxes  and  simi- 
lar contaminants  shall  be  removed  by  pickling  or  etching  without  exceeding  dimensions  toler- 
ances and  critical  surface  RHR  requirements.'  ” 

3.2.4. 1.2  Pickling  of  Carbon  and  Low-Allov  Steels.  Carbon  and  low-alloy  steels.  Including 
case-hardened  steels,  with  hardness  equivalent  to  Rockwell  C-40  or  over  (approximately 
188,000  psi  ultimate  tensile  strength)  or  which  have  been  heat  treated  to  an  ultimate  tensile 
strength  range  which  includes  188,000  pal  shall  not  be  acid  pickled  or  etched.  Abrasive 
methods  in  accordance  with  3.2.2  shall  be  used  for  removal  of  contaminants  net  removable 
by  solvent  or  alkaline  cleaning  methods.  Descaling  by  the  molten  salt  process  In  accordance 
with  3. 2. 7. 1 shall  also  be  acceptable  for  parts  of  Rockwell  C-40  hardness  or  greater  and  for 
parts  heat  treated  to  an  ultimate  strength  range  up  to  and  including  188,000  psi.  Steel  parts 
heat  treated  to  ultimate  tensile  strengths  in  the  range  of  150,000  to  188,000  psi  shall  be  baked 
for  three  hours  at  375  ± 25“f.  after  pickling,  unless  the  pickling  is  an  integral  part  of  an  elec- 
troplating process.  All  parts  shall  be  clean  and  dry  before  placing  in  the  baking  ovens.  Cool- 
ing after  baking  shall  be  accomplished  in  still  air  or  within  the  furnace. 

3.2.4. 1.3  Pickling  of  Conner  and  Conner  Alloys.  Scale  shall  be  removed  from  copper  and 
copper  alloys  by  alkaline  cleaning  in  accordance  with  3.2. 3. 4 and  pickling.  Scale  may  also 
bo  removed  by  abrasive  cleaning.  Copper-beryllium  alloys  shall  be  pickled  a minimum  of 

time  necessary  to  clean  the  parts  (see  6. 2.2).  Copper  tubing  shall  be  thoroughly  rinsed  with  — 
pressurized  water  after  pickling.  Drying  shall  be  In  accordance  with  3. 2. 6.  Cleaning  for 
punioscs  other  than  scale  removal  shall  be  accomplished  on  tubing  assemblies  which  contain 
corrosion-resistant  steel  fittings,  by  alkaline  cleaning  and  pickling.  Rinsing  and  drying  shall 
follow  pickling,  unless  further  plating  or  processing  is  needed. 

C 3.2.4. 1.4  Pickling  of  M.u.iiu8lum  and  Magnesium  Alloys.  Magnesium  and  its  alloys  shall  be 
pickled  to  remove  oxide  layers,  old  chemical  finishes,  rolled-ln  contamination,  graphite, 
and  other  soils  insoluble  in  solvent  or  in  water. 

3.2.4. 1..')  Picklinff/Cleaniiii’  of  Corrosion- and  Heat-Resistant  Alloys,  and  Noncooner-Bearlng 
Nickel  Alloys.  Corros  on-  .ind  heat-resisting  metals  and  alloys  shall  be  cleaned  by  suitable 
mechanical  or  chemical  processes  or  combinations  of  both.  Materials  susceptible  to  damage 
by  chemical  cleaning  (e.g. , hydrogen  embrittlement)  shall  be  mechanically  cleaned.  Parts 
with  excessively  pitted  surfaces  or  showing  Intergranular  attack  shall  be  rejected.  Abrasives 
used  on  the  metals  in  this  paragraph  shall  be  r.onmctalllc.  If  surfaces  are  contaminated  with 
residue  from  previous  use  or  contact  with  other  metals,  they  shall  be  pickled  clean  or  other- 
wise suioibiy  cleaned,  .\cn.o\al  of  foreign  metals  shall  be  accomplished  prior  to  heat  treat- 
ment. All  corrosion  am!  luMt-resIstant  steel  parts  which  have  boon  formed  on  lead,  zinc, 
lir.iss,  or  other  soli  metal  dies,  or  have  been  otherwise  contaminated  by  these  materials, 

! Ii.ill  iie  pickled  prior  to  wcldihg,  heat  treating,  or  Installation.  When  these  parts  are  annealed 
liclwei'M  forming  operations  they  shall  be  pickled  after  forming.  Corrosion-  and  heat-resistant 
inotaJ  p.irts  or  assemblies  which  contain  copper-bearing  alloys  shall  be  abrasive  cleaned 
r.itlier  than  acid  pickled.  Pickling  of  corrosion-  and  heat-resistant  steel  parts  shall  be  of 
sufficieiii  lime  to  remove  discoloration.  Parts  fabricated  from  precipitation-hardening 
corrosion-resistant  steels  such  as  17-4  PH  and  AM  355,  shall  be  acid  pickled  in  the  solution 
heat-treated  condition  omy  (Condition  A). 

1)  3. 2. 4. 1. 6 Pickling  of  Titanium  and  Titanium  Alloys.  The  pickling  solution  for  titanium  ami 
titanium  alloys  shall  be  a solution  of  nitric  .and  hydrofluoric  acid,  or  scale  conditioner  either 
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with  or  without  subsequent  pickiing  (see  6. 2. 2)*  Unless  the  titanium  is  to  be  vacuum  annealed 
after  pickling*  the  titanium  content  of  the  pickling  bath  shall  be  controlled  to  1. 5 weight  per- 
cent* maximum.  Vacuum  annealing  shall  reduce  the  hydrogen  content  below  170  ppmw  and 
shall  be  performed  in  accordance  with  supporting  documents  to  this  specification. 

3. 2. 4. 2 Passivatim;.  Passivation  shall  be  used  for  removal  of  adherent  foreign  materials, 
thin  oxides,  scale  and  similar  contaminants  from  austenitic  (300  series),  martensitic  (400 
series),  and  prcclpitation-hardcnablc  (such  as  17-4  PH)  corrosion-resistant  stools.  The 
capability  of  the  passivation  treatment  to  provide  a protective  oxide  surface  film  is  dependent 
upon  heat -treat-condition  and  level  of  cold  work  of  each  alloy  at  the  time  of  treatment.  Conse- 
quently, the  effectiveness  of  passivation  shall  be  evaluated  on  a process  control  basis,  assur- 
ing that  immersion  times,  both  temperatures,  and  solution  concentrations  are  consistent  with 
provision  of  clean  surfaces  and  maintenance  of  engineering  drawing  dimensional  tolerances 
and  surface  finish  requirements.  Parts  and  assemblies  with  geometries  conducive  to  solution 
or  contamination  entrapment,  or  which  contain  dissimilar  metals  shall  not  be  passivated. 
Nitridod  corrosion-resistant  steels  shall  not  be  passivated.  Parts  to  be  soldered  or  brazed 
shall  be  pni.sivatcd  before,  but  not  after,  the  soldering  or  brazing  operations.  All  corrosion- 
resistant  steels  which  receive  the  passivation  treatment  shaU  be  treated  for  a sufficient  length 
of  time  to  remove  all  discoloration.  Parts  fabricated  from  precipitation-hardenable  corrosion 
resistant  steels,  such  as  17-4  PH  and  AM  3SS,  which  are  in  the  precipitation  hardened  condi- 
tion. shall  be  passivated  after  any  abrasive  cleaning  operation.  After  passivation,  all  parts 
shall  be  thoroughly  rinsed.  T>T)ical  passivation  treatments,  acceptable  for  conformance  with 
this  specification,  are  provided  in  paragraph  6.2.2  for  information  only. 

3. 2.4. 3 Briuht  Dinning  and  Chemical  Polishing.  Copper-bast  materials  shall  be  bright 
dipped  after  pickling  to  produce  a natural  surface  color  and  luster  suitable  for  further  finish- 
ing tre.Uments  such  as  electroplating  or  painting.  After  bright  dipping  and  thorough  rinsing, 
stain  or  tarnish  may  be  removed  by  dipping  in  a cyanide  solution.  Yellow  brass  forgings  may 
be  bright  tMpned  after  pickling  to  complete  removal  of  oxide.  Bright  dipping  of  aluminum  and 
aluminum  alloy  products,  also  known  as  chemical  brightening  or  chemical  polishing,  may  be 
used  to  remove  a surface  skin  of  metal  that  is  contaminated  with  oxides  and  with  traces  of 
residual  polishing  and  buffing  compounds,  or  other  inclusions,  while  at  the  same  time  brighten- 
ing the  new  surface.  Titanium  and  titanium  alloys  shall  be  chemically  polished  in  the  pickling 
solutions  herein  or  modifications  of  those  solutions  which  are  approved. 

3.2.5  Rinsing.  All  parte  treated  with  acid  or  alkaline  solutions  at  any  time  during  process- 
ing «'hall  be  given  a thorough*  clear  running-water  immersion  rinse  and/or  spray  after  each 
bath  oouration.  The  rinse  water  shall  contain  no  materials  detrimental  to  the  surface  of  the 
part.*?  being  cleaned  or  to  the  solutions  being  used.  Final  rinse  water  for  titanium  shall  con- 
tain no  more  than  IS  ppmw  of  chloride.  Finished  clcancd-and-rinscd  surfaces  shall  be  watcr- 
break-frcc  and  sh.oll  show  no  evidence  of  contamination.  If  a break  occurs  in  the  water  film, 
or  visible  contaml.nation  remains  on  the  surface  after  cleaning*  the  complete  cleaning  cycle 
sh.all  be  repeated  and  scrubbing  may  be  required.  Parts  to  be  given  further  protective  treat- 
ment, such  as  plating,  anodizing  or  chcmical-fHm  application  shall  be  processed  immediately 
after  cleaning  and  rinsing  without  drying  or  further  delay. 

3,2.0  Drying.  Parts  processed  in  accordance  with  this  specification  shall  be  dried  thoroughly 
at  completion  of  the  final  rinse  unless  pot  required  because  of  immediate  further  processing. 
Drying  may  be  facilitated  after  the  aa.il  cold  rinse  by  a hot  water  rinse  at  140  to  212  F.  and 
blowing  immediately  \Wth  clean,  filtered,  compress^  air  or  by  placing  in  a clean  circulating- 
air  atmospliorc  at  200®F. , maNimum,  until  all  traces  of  moisture  are  removed.  The  dried 
surfaces  of  parts  which  are  to  be  painted  shall  be  neutral  or  slightly  acid,  as  well  as  the 
dried  surfaces  of  all  aluininum  parts. 
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3. 2,7.1  Molten  Salt  Descaling.  Scale  or  oxide  removal  employing  oxldlsilng  or  reducing 
molten  ealt  procesaes  ehall  be  operated  In  accordance  with  the  Instructions  from  the  molten 
salt  manufacturer.  Scale  may  be  removeu  from  the  following  materials  by  the  molten-salt 
process  provided  the  properties  of  the  metal  are  not  harmfully  affected; 

a.  300  series  corrosion-resistant  steels; 

b.  400  series  corrosion-resistant  steels  In  the  annealed  (softened)  condition; 

c.  PH  corrosion-resistant  steels; 

d.  AM  350/AM  3SS/A286  corrosion-resistant  steels; 

e.  Inconel  and  Inconel  X; 

f.  Titanium  and  titanium  alloys; 

g.  Copper  and  copper  alloys,  except  for  copper-beryllium  (see  3, 2. 4. 1, 3); 

h.  Nickel  alloys. 

3. 2. 7. 3 Steam  Cle.-tning.  Steam  cleaning  shall  be  used  with  proper  LMSC  approval  In  accord-  I 
.anco  with  procedures  provided  by  the  manufacturer  of  the  equipment, 

3. 2.  7. 3 Scale  Conditioning.  Titanium  alloys  and  stainless  steels  shall  be  exposed  to  caustic/ 
topper  sulfate  or  caustlc/potasslum  permanganate  below  300°F.  Proprietary  processes  are  ^ 
acceptable  with  prior  LMSC  approval  (see  6. 2. 2). 

3. 2.  S Preparation  for  Further  Processing  or  Assembly.  The  final  cleaning  and  rinsing 
before  application  of  any  chemical  protective  treatment  such  as  electroplating,  anodizing, 
chcmical-film  treating  or  p.iinting  shall  result  In  a surface  which  Is  visibly  clean,  and  water- 
bre;ik-free.  After  this  cleaning,  the  parts  shall  be  handled  In  a manner  to  ensure  protection 
from  fingerprints,  dirt,  dust,  and  other  contaminants.  Surfaces  to  be  brazed,  welded,  or 
soldered  shall  be  cleaned  of  dirt,  smut,  oil,  grease,  oxides,  scale,  and  other  harmful  Joint- 
contaminants.  Steam  cleaned  and  solvent  wiped  surfaces  may  be  dried  as  cleaned.  Hand 
cleaning  of  assemblies  shall  produce  wipe-clean  surfaces  as  defined  In  6. 2. 1. 2. 

3.2.9  Hemnv.al  of  Paint  (Strinningl.  Areas  subject  to  damage  by  the  paint  remover  shall  be 
masked  prior  to  stripping.  All  moving  parts,  mechanisms  and  electric  wiring  shall  be  pro- 
tected from  contact  with  the  paint  remover  (or  solvent).  The  paint  remover  shall  not  be 
allowed  to  become  entrapped  in  crevices  or  between  faying  surfaces.  Immersion  stripping 
metn  id.- , usi.'.g  i iiainl  remover  which  will  not  be  harmful  to  the  base  material , may  be  used 
on  all  ■..irti,  ,..iicli  will  not  entrap  tne  paint  remover.  Hand-stripping,  such  as  abrasive,  shall 
be  used  on  parts  which  may  entrap  the  paint  remover.  Steam  cleaning  in  accordance  with 
.,.2.7.2  shall  be  permitted  for  the  removal  of  organic  finishes  on  metals  or  nonmetals.  Un- 
cured  organic  firJshcs  may  be  removed  from  all  metallic  surfaces  by  immersion  or  hand- 
stripping methods.  All  parts  shall  be  rinsed  in  accordance  with  3.2.5  and  dried  In  accord- 
ance with  3. 2.  G after  stripping, 

3.2.10  liemoval  of  Fluxo.;.  Parts  and  aessmbllcs  shall  bo  cleaned  of  flux  remaining  from  | 
such  proccs'scs  as  brazing,  welding,  soldering,  etc.  Removal  of  fluxes  shall  be  verified  by 
teat  as  specified  herein. 

3.2. 1 1 Koiiiv.ilciit  Processing.  Processes  already  established  meeting  the  requlremcnta  of 
TT-C-490,  MIL-M-3171,  and  MIL-S-5002  shall  be  acceptable  as  meeting  the  requirements  of  i 
this  spec.fication  when  applied  outside  of  LMSC.  Any  combination  of  the  cleaning  metlioda 
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specified  herein  Is  accepUble  when  class  -000000  Is  specified.  Hand  scrubbing  (mechanical 
or  abrasive  cleaning)  la  approved  In  conjunction  with  any  of  the  processes  herein  to  aid  the 
cleaning.  Electrolytic  cleaning  Is  also  accaptable  when  not  damaging  to  the  parts  being 
cleaned. 


3. 3 Workmanship.  Workmanship  requirements  for  this  specification  shall  Include  careful 
handling  during  fabricating,  cleaning,  testing,  packaging  and  storing  of  the  materials,  parts, 
or  equipment.  Cleaning  methods  and  materials  shall  not  be  harmful  to  surfaces  of  parts  or 
assemblies.  Attention  shall  be  given  to  handling  of  clean  materials  and  parts  prior  to  packag- 
ing or  prior  to  further  processing. 
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4.  QUALITY  ASSURANCE  PROVISIONS 


4. 1 jasfi^ction  Sequence,  The  sequence  of  Inspections  and  tests  of  the  process  shall  be  as 
llst^  In  Unless  specified  on  the  engineering  drawing  or  In  another  SSD  process  sped' 

^ co^nformancr^* 


TABLE  n 


Inspection  Seouanofe 


Tjpe  of  Inspection 

Requirement 
(Section  3) 

Test  Method 
(Section  4) 

Surveillance 

Materials  and  Equipment 

3.1 

4.2.1 

Process  Operations 

3.2 

4. 

2.1 

Visual  Examination 

Solvent  Cleaning 

3.2.1 

4.2.2 

Abrasive  Cleaning 

3.2.2 

Alkaline  Cleaning 

3.2.3 

Acid  Cleaning 

3.2.4 

Rinsing 

3.2*5 

Drying 

3.2.C 

Special  Cleaning  Processes 

3.2.7 

Paint  Stripping 

3.2.9 

4.; 

.2 

Tcst/Mcasurement 

Solvent  Cleaning 

3.2.1 

4. 2. 3.1 

Alkaline  Cleaning 

3.2.3 

4. 2. 3.1 

Acid  Cleaning 

3.2.4 

4.2.3. 1 

Arid  Clenn/Annoallng  Titanium 

3.2.4.1.G 

4. 2. 3. 2 

Passivation  of  CRt'S  Stools 

3. 2. 4. 2 

4. 2. 3. 3 

Preparation  for  Further  Processing 

3.2.8 

4.2 

.3.4 

Removal  of  Fluxes 

3.2.10 

4.2. 3.5 

Rinse  of  Titanium 

3. 2.5 

4. 2. 3.  6 
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4. 2  Intpectlon  Methods.  The  following  test  methods  shall  be  used  to  ensure  conformance  to 
quality  requirements  of  this  specification  and  other  applicable  engineering  documents.  Testing 
requirements  on  the  engineering  drawing  or  in  another  SSD  process  specification  shall  take 
precedence  over  requirements  of  this  speclflcatloa 

4.2. 1 Surveillance.  ln*-proce88  surveillance  shall  consist  of  verification  or  partial -verification 
by  monitoring  the  following  without  immediate  inspection  or  testing  of  the  items  in  process. 

4. 2. 1.1  Materials.  Verification  shall  be  made  that  materials  used  In  processes  described 
herein  arc  identified  and  conform  to  callouts  in  this  specification,  on  the  engineering  drawing, 
or  in  another  SSD  process  specification  containing  cleaning  procedures  described  herein. 

4.2. 1. 2 Eoulpment.  Verification  shall  be  made  that  specified  equipment  is  used  as  required. 

4.2. 1. 3 Solvent  Cleaning.  Surveillance  shall  be  made  to  ensure  that  all  solvent  cleaning  Is 
performed  in  accordance  with  the  requirements  of  3*2. 1,  and  that  acids,  oxidizing  agents, 
and  cyanides  are  not  permitted  to  enter  vapor  degreasing  tanks. 

4.2. 1.4  Abrasive  Cleaning.  Surveillance  shall  be  made  to  ensure  that  abrasive  cleaning 
processes  are  performed  in  accordance  with  tlic  requirements  of  3.2.2. 

4.2.  l.S  Alkaline  Cleaning.  .Sun’cillancc  shall  be  made  to  ensure  that  alkaline' cleaning  is  per- 
formed in  accordance  with  the  requirements  of  3.2.3. 

4.2. 1.6  Acid  Cleanint;.  Surveillance  shall  be  made  to  ensure  that  acid  cleaning  Is  performed 
in  accordance  with  the  requirements  of  3.2.4.  For  titanium,  3. 2. 4. 1.6  requirements  are  appli- 
cable. 

4. 2. 1.7  Rinsing  and  Drying.  Surveillance  shall  be  made  to  ensure  that  rinsing  and  drying  are 
perfonned  in  accordance  with  the  requirements  of  3.2.5  and  3.2.6,  respectively. 

4. 2. 1 . 8 Special  Cleaning  Processes.  Surveillance  shall  be  made  to  ensure  that  special  clean- 
ing processes  (molten  salt  descaling,  steam  cleaning,  scale  conditioning,  etc. ) are  performed 
in  accordance  with  the  requirements  herein. 

4.2.2  Visual  Examination 

4. 2. 2. 1 Solvent.  Abrasive^  Alkaline  and  Acid  Cleaning.  Inspection  intervals  shall  be  estab- 
lished for  visual  examination  of  parts  and  materials  which  have  been  solvent,  abrasive,  alka- 
iino,  or  acid  cleaned.  The  visual  examinations  shall  be  performed  as  prescribed  to  ensure 
an  optimum  level  of  cleanliness  for  all  parts  and  materials  so  processed. 

4. 2. 2. 2 Rinsing  and  Drying.  Inspection  intervals  shall  be  established  for  visual  examination 
of  parts  and  materials  which  have  been  rinsed  and  dried.  The  visual  examinations  shall  be 
performed  as  prescribed  to  ensure  that  thorough  rinsing  and  drying  have  been  ejected  and 
that  contaminants  have  not  been  entrapped  in  the  parts  or  materials. 

4 . 2. 3 Special  Cleaning  Processes.  Inspection  Intervals  shall  be  established  and  prescribed 

for  visual  examination  to  ensure  effectiveness  of  the  special  cleaning  processes  described  in 
3.2.7. 

4. 2. 2. 4 Paint  Stripping.  Inspection  intervals  shall  be  established  and  prescribed  for  visual 
examination  to  ensure  that  paint  removal  is  complete  and  has  been  accomplished  In  accordance 
with  3.2.9. 

4.2.3  Test/Measurements 

4. 2. 3.1  Solvent,  Abr.a.sive.  A!k.aitai»  and  Acid  Cleaning.  Vapor  degreasing,  alkaline  cleaning, 
and  acio  cteaning  soluiions  oo  tested  using  standard  laboratory  practices,  at  established 
intervals  in  acco.'(i,i.,c«>  witn  established  LMSC  procedures.  Additions  and  replacements  of 
cleaning  .'‘O.uiions  shall  be  made  in  accordance  with  established  I^SC  procedures. 
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4. 2. 3. 4 Preparation  for  Fiirth..-  p^v j>„^„  ..a.,.,.  . 

preparaUoii  (or  a chemical  protective  appIl^tloTl^^-l.  « w®,“  rinsed  in 

film  treating,  and  painting  ahairbe  obao^S^at  anodizing,  ohemloal- 

free  aurfacea.  Breaka  o7dlacontlnmHie7^  the  water  ahaTr water-break- 
entire  cle&nine  cvcIa  a fntt#i  a^tA  - i * * ftter  iliui  shAil  result  in  repeating  the 

or  false  interpreUtlona.  In  addition,  the*^^ve  narta”! water-bre^  will  minimize  chances 
determined  by  wipirur  with  a clean  whitA  aIaa  materials  shall  be  clean  of  smut  as 

or  deposit  to  the  ti^nT  * * ® *'*“*“*"«  of  visible  smudge 

eSSea  ®“®- 

^ in  accordance  with  eatablished  LMSC  procedurea.  ^ ^ cotnpleteneaa  of  removal  of  fluxea 

■^3S*}cUmelrlc"proc^S3  cont^*me'th^1'  Md  titrlme*tr/° 
methods  to  calibrate  the  process  control  test.  ’ Rrlmetrlc  or  colorimetric  analysis 
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5.  preparation  for  delivery 
Not  applicable* 


0. 1 Intended  Oae.  "Ibis  specification  is  Intended  to  cover  the  general  cleaning  of  metal  and 
plastic  parts  and  surfaces  prior  to  plating,  painting,  anodizing  and  other  chemical  treating, 
both  before  and  after  welding,  brazing,  soldering,  heat  treating,  machining,  and  forming, 
and  for  hand  cleaning  during  assembly. 

6.2  Mlacellaneous 

6.  2. 1 Definitions 

C.2. 1.1  Watc  r»Break«Frce  Surface.  A water-break *free  surface  Is  defined  aa  a surface 
on  which  a water  f;im  will  remain  continuous  without  immediately  developing  discontinuities 
or  breaks. 

C 0. 2. 1, 2 Wipe-  or  Smut^Frcc  Surface.  A wipe-  or  smut-free  surface  is  defined  as  a surface 
which,  when  wiped  with  a clean,  white  cleansing  tissue,  will  not  transfer  any  visible  smudge 
or  deposit  of  foreign  contamination  to  the  tissue. 

n,2.l.3  Technical  Grade  Quality.  For  purposes  of  this  Specification,  technical  grade  quality 
shall  bo  defined  as  a Itwcl  of  purity  established  by  conformance  to  a minimum  of  at  least  two 
of  three  properties:  specific  gravity,  color,  and  a qualitative  analysis  of  purity.  This  defini- 
tion also  includes  the  requirements  for  unbroken  unit  containers  of  a full  measure  of  weight 
or  volume,  as  applicable. 

G.2. 1,1  Supporting  Documentation.  Detail  procedures  which  establish  one  of  several  alter- 
nate methods  to  accomplish  engineering  requirements,  e.g. , Manufacturing  Process  Stand- 
ards (MPS),  Product  Assurance  Standards  (PAS),  Inspection  Standards  (IS),  or  appropriate 
documents  from  subconir.ictor  (vendor,  supplier,  manufacturer,  etc,).  Supporting  documents 
are  In  compliance  with  the  applicable  engineering  requirements  and  as  such  are  approved  In 
writing  by  SSD  Materials  and  Production  Systems  Engineering. 

C Typical  Solutions.  Typical  pickling  and  etching,  passivating  and  brlght-dip  solutions, 

the  use  of  which  would  satisfy  the  requirements  of  this  specification,  are  Haled  for  informa- 
tion. Concentrations  arc  expressed  in  terms  of  concentration  per  gallon  of  final  aqueous , 
make-up  solution.  Liquid  concentrations  arc  given  as  fluid  ounces;  nonllqulds  as  avoirdupois 
ounces.  If  properly  controlled,  proven  inhibitors  are  acceptable  to  prevent  pitting. 

6.2.2. 1 Picklln,;  and  Etching  Solutions 

C 6,2.2. 1.1  flleoxldlzing)  Solution  for  Aluminum  and  Aluminum  Alloys 


Clu.ancr-dcoxIdl7er 
Deionized  water 
Temperature 
Immersion  time 


14/16  fluid  oz/gal  (e.  g. , Divc.-sey  514) 


100”f.  (max) 


5 minutes  (max) 
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PROCESS  SPECIFICATION 


Outlons  for  Alumli 


a.  For  removing  casting  skins  and  sillea  particles: 
Hydrofluoric  acid,  28°  Baume* 

Nitric  acid,  42°  Baume' 

Operating  temperature 
Immersion  Time 


10  to  IS  fluid  oz/gal 
113  to  118  fluid  oa/gal 
65  ± 15°F. 

normally  1 to  2 minutes 


b.  For  removal  of  light  casting  scale,  6061  heat  treat  scale,  and  for  preparing  6061  sheet 
under  0. 040-lnch  thick  with  as-roUed  finish  for  resistance  welding: 


HyCrofluorlc  acid,  2^  Baume' 

Nitric  acid,  42°  Baume' 

Deionized  water 
Oper.ating  temperature 
Immersion  time 

6.2.2. 1.3  Chemical  Itiching  Solution  for  Beryllium 
Nitric  acid,  42°  Baume'  • 

Hydrofluoric  acid,  28°  Baume' 


1. 3 to  3. 8 fluid  oz/gal 
28  to  34  fluid  oz/gal 


Approximately  1 l/2  minutes 

45  to  51  fluid  oz/gal 
2, 5 to  4.5  fluid  oz/gal 


Operating  temperature  50  to  140  F. 

6.2.2. 1.4  Pickling  Solutions  tor  Carbon  and  Low-Allov  Steele 


a.  Hydrochloric  acid,  37% by  wel^t 


Operating  temperature 
b.  Sulfuric  acid,  06°  Baume 


Operating  temperature 


25  to  46  fluid  oz/gal 


6 to  19. 5 fluid  oz/gal 


120  to  180  F. 


c.  Proprietary  solutioa,s  of  inhibited  phosphoric  acid  used  In  accordance  with  manufac- 
turer rcoomraendationa. 

6.2.2.1..'i  Pickling  Solutions  for  Cooper  and  Copper  Alloys 

a.  For  removal  of  thin  oxides  and  activation  of  metal  surfaces  (not  for  use  on  brazod 
or  soldered  parts) 


Hydrocliioric  :icld,  37%  by  weight 


13  to  25  fluid  oz/gal 
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Operating  temperature  Ambient 

b.  For  removal  of  thin  oxides  and  astlvatlon  of  metal  surfaces  (acceptable  for  use  on 
brazed  and  soldered  parts) 


Fluoborlo  acid,  42%  by  weight 


40  to  52  fluid  oz/gal 


Operating  temperature 

c.  Acid  dip  solution  for  copper  and  copper  alloys 
Sulfuric  acid,  66**  Baums' 

Sodium  dichromate,  technical  grade 


IS  to  20  fluid  oz/gal 
2.0  to  4.0  oz/gal 


Operating  temperature  Ambient 

d.  Alternate  acid  dip  solution  for  copper  and  copper  alloys 

Hydrochloric  acid,  37%  by  weight  51  to  64  fluid  oz/gal 


Opoi'ulirg  temperature 
e.  Acid  dip  for  copper-beryllium 
Sulfuric  acid,  66°  Be' 
Temperature 


f . Acid  dip  for  copper-beryllium 
Nitric  acid  , 42°  Baumel 
Temperature 


15  to  25  percent 
160  to  180°F. 

15  minutes  (max) 


15  to  30  percent 


Approximately  30  seconds 
or  until  gassing  starts 


C 6. 2.2. 1.6  Pickling  Solutions  for  Magnesium  and  Magnesium  Alloys 
a.  Chromic  nitrate  pickle 

Chromic  acid,  93. 8%  by  weiglit,  minimum  22  to  28  fluid  oz/gal 
Sodium  nitrate,  technical  grade  4.0  to  6.0  oz/gal 


r 


Operating  temp-erature Ambient 

TW  Wmsi>«  f Ann*  m Ms  InrtW  tfwMM  4 C».  ht.  mU  H tUM  •*•  •*••//<#•#;  •«««*  «•  ttpmtij 
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b.  Chroinlo-iiUric-l.ydrofluorio  ptekl*  Iprefamd  for  cMUntt) 

Chromic  acid,  09. 8%  b;  welfht,  minimum  98  to  42  fluid  oz/gtl 


Chromic  acid,  99. 8%  b;  welfht,  mlidmum 
Nitric  acid,  42°  Baums' 

Hydrofluoric  acid,  28°  Baume' 


Operating  temperature  _ 

c.  Ferric  Nitrate  Pickle 

Chromic  Acid  (CrOj),  99. 8%wt,  minimum 
Ferric  Nitrate  (Fe(NOj)^  • 9H2O),  technloal 
Potassium  Fluoride  (KF),  technical 
Operating  temperature 


Immersion  time 


C G. 2. 2. 1.7  Pickllnir  Solul 
Alloys,  and  N*oncoooer-B 


a.  Ambient  operating  temperature  solution 
Nitric  acid,  42°  Baume' 

Hydrofluoric  acid,  28°  Baume' 


3. 6 to  4. 6 fluid  oa/gal 
0.75  to  1.26  fluid  os/gal 


24  oa/gal 
5 1/3  02/gal 
0.47  02/gal 
Ambient 

16  seconds  to  3 minutes 


26  to  38  fluid  02/gal 
5.0  to  7.6  fluid  oi/gal 


b.  Solution  {or  use  at  ambient  or  elevated  temperatures 

Nitric  acid,  42.0°  Baume'  28  to  38  fluid  02/gal 

Hydrofluoric  acid,  2^  Baume'  1.0  to  4.0  fluid  02/gaI 


Operating  temperature 


60  to  140“F. 


C n.  2. 2.1.0  Pasaivalini?  Solutions  for  Corrosion-  and  Heat-Resiataid  Steels  and  Nonconner- 
Hearinu  Nickel  Alloys 

a.  Passivating  solution  for  300  and  400  series  and  precipitation-hardening  corrosion- 
resistant  steels 


Nitric  acid,  42°  Baume’ 


Operating  temperaturf; 


60  to  60  fluid  02/gal 


Mf  mmm  Hum  «l  fSSarMAi  sastiidnt 
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b.  Pusivatlng  foluUon  for  300  aeries  and  precipitation-hardening  corroslon-resiatant 
steela 

Nitric  acid,  42°  Baume'  32  to  38  Quid  oz/gal 

Water  Balance 

Operating  temperature  60  to  140°F. 


e.  Passivating  solution  recommended  for  400  series  corrosion-resistant  steels  after 
final  forming,  welding  or  heat-treating  operation.  Follow  by  rinsing  and  an  addi- 
tional dlchromate-seal  application,  ne  dlchromate  seal  shall  be  applied  by  im- 
mersing In  a solution  of  5. 0 to  8. 5 ounces  of  sodium  dlchromate  per  gallon  oi  water 
maintained  at  140  to  160"f.  After  the  seal  Is  applied,  the  parts  are  cold-water  rinsed 
followed  by  a final  acid  rinse  In  a solution  of  chromic  acid  or  proprietary  chromic- 
phosphoric  acid  compounds  at  a pH  of  3.0  to  6, 5 and  maintained  at  160  to  210°P. 

Nitric  acid , 42°  Baume’  28  to  35  fluid  oz/gal 


Sodium  dlchromate,  technical 


2.0  to  3.4  oz/gal 


Water 


Balance 


Operating  temperature 


120  to  130°F. 


6. 2. 2. 1.9  Scale  Conditioning  fAlternatesl 
a.  Caustic  copper  sulfate,  technical 


Sodium  hydroxide,  technical  46  to  54  percent,  wt. 

Copper  sulfate,  technical  1 to  5 percent,  wt. 


Immersion  time 


20  to  30  minutes 


b.  Caustic  potassium  permanganate 

Sodium  hydroxide,  technical  18  to  22  oz  (wt.  )/gal 

Sodium  carbonate,  technical  18  to  22  oz  (wt.)/gal 

Potassium  permanganate,  technical  8 to  12  oz  (wt.  )/gal 

c.  Proprietary  processes,  e.g. , 

Tl-I!rite.  Kolene  AKO-N,  Turco  Descaler  #5682,  Virgo  Salt,  etc. , operated  in 
in  accordance  with  the  manufacturers'  recommendations. 


6.2.3  Abrasive  Cleaning.  Table  UI  may  be  used  as  a guide  for  purposes  of  this  document. 

C 8. 2. 4 Marglmal  Marks.  The  margins  of  this  specification  have  been  marked  to  Indicate  where 
technical  changes,  deletions,  or  .additions  to  the  previous  Issue  have  been  made.  This  prac- 
tice has  been  adopted  as  a convenience  only  and  users  of  this  document  are  cautioned  to  evalu- 
ate the  regulrcments  of  this  document  based  on  the  entire  content,  irrespective  of  the  marginal 
notations. 

C G.  4 MfL/FED  Specification  Compliance.  The  provisions  of  this  specification  exceed  the 
.applicable  cleaning  requirements  of  ,MIL-S-5002C,  dated  26  July  1971;  MIL-M-3171C  dated 
II  .Iiily  1966;  .and  MIL-STD-  tj.,,  liequlrement  9,  dated  31  August  1973. 
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1.  SCOPE 

1. 1 Scope.  This  specification  establishes  the  requirements  for  protection  against  galvanic 
corrosion  of  dissimilar  metals  in  contact  when  under  normal  indoor  conditions  (for  outdoor 
weather  conditions,  see  6.  2). 

2.  APPLICABLE  DOCUMENTS 

B 2. 1 The  following  documents  form  a part  of  this  specification  to  the  extent  specified  herein. 
Unless  otherwise  indicated  in  the  listing,  the  latest  issue  in  effect  shall  apply. 

SPECIFICATIONS 


Federal 

TT-P-17S7 


MIL-P-858S 

MIL-A-8625 

MIL-S-22473 

Lockheed 


Primer  Coating,  Zinc  Chromate,  Low- Moisture-Sensitivity 


Primer  Coating,  Zinc  Chromate,  Low  Moisture  Sensitivity 
Anodic  Coatings,  For  Aluminum  and  Aluminum  Alloys 
Scaling,  Locking  and  Retaining  Compounds,  Single-Component 


LAC  0170  General  Cleaning  of  Parts  and  Surfaces 

LAC  0494  Anodizing  Aluminum  and  Aluminum  Alloys 

LAC  0497  Protective  Treatment  for  Magnesium  Alioys 

LAC  0498  Chemical  Film,  Protective  Treatment,  for  Aluminum  and  Alumi- 

num Alloys 

LAC  24-791  Tape;  Plastic  (Galvanic)  (Corrosion  Insulation) 

LAC  37-4030  Organic  Finish:  Epoxy  Primer,  Air-Cure  System 

(Copies  of  Government  specifications,  standards,  drawings,  and  publications  required  by 
suppliers  in  connection  with  specific  procurement  functions  should  be  obtained  from,  or  as 
directed  by,  the  Government  representative  normally  servicing  the  supplying  activity. ) 
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3.  REQUIREMENTS 

3. 1  Materials  and  Equipment 


B 3. 1. 1 End  item  Identifiable  Materials.  The  following  materials,  or  approved  equivalents, 
shall  be  necessary  for  conformance  to  this  specification: 


Material 


Zlnc-Chromate  Primer 


Specification 

TT-P-1757  or  MIL-P-8585 


Retaining  Sealant  (Locktite)  MIL-S-22473 
Galvanic  Inhibiting  Tape  LAC  24-791 

Epoxy  Primer  LAC  37-4036  (any  color) 

B 3. 1. 2 Process  Consumable  Materials 


Material 
Cleaning  Materials 


Specification 
LAC  0170 


3. 1. 3  Equipment.  There  are  no  equipment  requirements  for  this  specification.  The  essen- 
tial hand  tools  and  shop  aids  are  covered  in  the  applicable  supporting  documents. 


B 3. 2 Process  Operations 


3. 2. 1  Preparation  of  Surfaces.  Metal  surfaces  to  be  protected  against  dissimilar  metal  con- 
tact shall  be  cleaned  of  contaminants  in  accordance  with  LAC  0170. 


3. 2. 1. 1  Grouping  of  Metals  and  Alloys.  To  provide  protection  against  galvanic  corrosion, 
the  groupings  of  the  more  commonly  used  metals  shall  be  as  shown  in  table  I (see  3. 2. 4 for 
protective  measures). 


3. 2. 2 Dlsslmllar-Metal  Contact.  For  the  purpose  of  this  specification,  a dissimilar-metal 
contact  or  Joint  shall  be  the  contact  between  bare  metals  or  electrical  conductors,  1.  e. , those 
not  painted,  primed,  or  anodized  with  a galvanic  barrier.  Galvanic-corrosion  barriers  shall 
extend  beyond  interface  of  dissimilar  metals  at  least  J/8  inch.  Electroplated  surfaces  placed 
in  contact  with  a dissimilar  base  metal  or  with  another  dissimilar  plated  surface  during  as- 
sembly are  considered  dissimilar. 


3. 2. 3  Surfaces  of  Similar  Metals.  All  members  of  any  one  group  of  metals  in  table  I are 
compatible  and  similar  for  Indoor  exposure.  Surfaces  coated  with  tin  or  tin  alloys  (solder) 
are  compatible  with  all  groups  for  the  purposes  of  this  specification.  Surfaces  meeting  those 
definitions  for  similarity  require  no  further  corrosion  protection  under  this  specification  for 
indoor  exposure. 


3. 2. 4  Surfaces  of  Dissimilar  Metals.  Different  metals  classified  In  different  groups  shall  be 
considered  dissimilar  to  one  another.  Where  dissimilar  metals  are  used  in  contact,  or  form 
a g.'Uvanlc  joint,  any  one  of  the  following  methods,  or  combinations  of  methods,  are  required 
for  protection  against  electrolytic  corrosion,  unless  otherwise  specified  on  the  engineering 
drawing.  ' ‘ « 


Interposition  of  a material  combatiblc  to  each  metal  in  order  to  decrease  the  elec- 
trolytic potential  differences  (e.  g. , tin  plate  or  solder  on  steel  in  contact  with 
aluminum  or  magnesium); 

F-A-23 


LAC  3901 

PROCESS  SPECIFICATION  Revision  B 

Page  3 of  G 

b.  Interposition  of  an  Inert  material  between  the  dissimilar  metals  to  act  as  a mechani- 
cal Insulating  barrier  (e.  g. , LAC  24-791  tape  behveen  nlekel-plated  brass  and  alumi- 
num); 

c.  Applleatlon  of  LAC  37-4036  epojcy  prlmar  to  the  contact  face  of  one  of  the  dissimilar 
metals; 

d.  Application  of  corrosion  Inhibitors  to  the  face  of  each  dissimilar  metal  (e.  g. , epoxy 
primer  on  brass  and  aluminum  parts  In  contact); 

e.  Prevention  of  air  and  moisture  from  reaching  the  dissimilar-metal  In'erface  (c.  g. , 
fastener  head  or  nut  bearing  on  paint,  tape,  or  anodized  surface,  or  area  sealed 
with  zlne  chromate  or  epoxy  primer  on  AGE,  or  epoxy  primer  only  on  other  vehicle 
hardware). 

3-  2.  5 Faying  Surfaces.  Joints,  and  Scams.  Dlsslmllar-metal  faying  surfaces,  joints,  and 
scams,  6 inches  or  more  in  length,  shall  be  protected  by  applying  a plastic  tape  conforming 
to  LAC  24-791,  or  two  coats  of  either  primer  as  approved  herein.  Faying  surfaces  less  than 
6 inches  in  length  shall  be  protected  by  the  application  of  two  coats  of  primer  applic.able  to 
AGE  or  the  vehicle  and  the  joint  completed  while  the  primer  is  wet. 

B 3.  2.  G Attaching  Hardware.  Shims,  washers,  and  rivets  used  in  magnesium  assemblies 
shall  be  made  of  5052,  505G,  or  60(31  aluminum.  Disslmilar-mctal  threaded  fasteners,  if 
assembled  with  wet  primers  on  the  threads,  shall  be  torqued  to  the  minimum  acceptable 
values  established  on  the  drawing.  Locking  compounds  conforming  to  MIL-S-22473  satisfy 
the  diSSlmilar-metal  protection  requirements  of  this  specification  if  the  excess  compound  is 
removed.  Applications  .and  processes  not  in  compliance  with  this  specification  shall  be  re- 
ferred to  SSD  Materials  and  Production  Systems  Engineering  tor  disposition.  Modlficatio.is 
to  zinc  chromate  and  epoxy  primers  to  ease  disassembly  are  acceptable  when  approved  by 
SSD  Materials  and  Production  Systems  Engineering. 

B 3. 2. 7 Dissimilar-Metal  Inserts,  inserts  shall  be  assembled  using  wot  epoxy  primer,  LAC 
37-4036  (any  type)  or  zinc  chromate  primer,  TT-P-i757  or  MIL-P-SSBS,  on  AGE  and 
boosters.  Only  the  epoxy  primer  shall  be  used  on  other  vehicle  hardware  and  always  in  such 
a manner  that  the  edges  of  areas  of  dissimilar-metal  contact  will  be  scaled  from  moisture 
with  the  primer  for  at  least  1/8  inch  on  either  side  of  the  contact. 

3.2.8  Protection.  Assemblies  and  surfaces  which  have  been  protected  from  dissimilar 
metal  corrosion  per  this  specification  shall  be  kept  indoors  anti  free  of  visible  condensate, 
moisture,  and  liquids. 

3.2.9  Identification.  Identification  markings  obliterated  or  covered  by  the  process  proce- 
dures herein  shall  bo  reapplied  to  be  legible. 

A 3.3  Workmanship.  Workmanship  requirements  shall  consist  of  proper  cle.aning,  treatment, 
and  application  of  protective  materials  to  dissimilar  metals  (see  table  I and  3.2.4). 

Hardware  protected  against  dissimilar  metal  corrosion  with  visible  primer  shall  be  accept- 
able as  exceeding  the  minimum  corrosion  protection  requirements  of  this  specification. 

3. 3. 1 Rework.  Provisions  for  rework  of  dissimilar-metal  joints  shall  require  removal  of 
previous  coating,  cleaning  the  galvanic  interface  of  visible  oil  or  grease  or  loose  particles 
and  reapplication  of  primer  per  3.2.4(e).  Disassembly  of  the  joint  sh.all  not  be  required  to 
comply  with  this  document. 
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TABLE  I 


Grouping  of  Metals  and  Allovs^^^ 


Group 

Metals  and  Alloys 

I 

Magnesium,  tin,  and  their  alloys^^  , . 

and  aluminum  alloys  .qOii'i,  5056,  356,  6061,  and  6063''^' 

II 

Tin,  aluminum,  beryllium,  and  their  alloys, 
stainless  steel,  titamum,  cadmium(^),  and  zineW) 

in 

iron,  lead,  tin,  nickel,  and  their  alloys, 
stainless  steel,  titanium,  cadmiumf'^),  and  zineW 

IV 

Copper,  chromium,  nickel,  silver,  gold,  platinum, 
titanium,  tin,  cobalt,  rhodium,  and  their  alloys, 
stainless  steel,  and  graphite 

(a)  The  metal  or  alloy  referred  to  Is  the  metal  on  the  surfaces  of  the 
part;  e.g.  , tin  includes  tin-  and  solder-coated  parts,  whether  the 
tin  or  solder  is  electrodeposited  and  hot  flowed  or  applied  by  hot 
dipping. 

(b)  Tin  and  Its  alloys  shall  be  in  the  heat -flowed  or  hot-dipped  condi- 
tion and  as  such  shall  suffice  as  a compatible  surface  with  other 
surfaces  in  all  groups. 

(c)  Aluminum  alloys  in  Group  I are  compatible  with  all  metals  in 
Group  II  also. 

(d)  Cadmium  and  zinc  surfaces  are  acceptable  only  on  aerospace  ground 
equipment  (AGE)  and  booster  hardware,  unless  otherwise  specified 
by  the  drawing. 
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4.  QUAUTY  ASSURANCE  PROVISIONS 

4. 1 Inspection  Sequence.  The  sequence  of  inspections  and  tests  for  compliance  with  this 
specification  shall  be  as  listed  in  table  II.  The  frequency  of  inspections  and  tests  shall  be 
as  necessary  to  assure  compliance. 


TABLE  n 


fli 


o 


Inspections  and  Tests 


Test  or  Examination 

Requirement(s) 

(Section  3) 

Test  Method 
(Section  4) 

Materials  Testing 

3.1.1 

4.2.1 

Materials  Identification 

3.1. 1.1,  3.2.2,  and  3.2.3 

4.2. 1.1 

Equipment  Surveillance 

3.1.2 

4.2.2 

Surface  Cleaning  and  Preparation 

3.2.1 

4.2.3 

Surveillance: 

Protection  Methods,  Work- 
manship and  Rework 

3. 2. 4 through  3. 3. 1 

4.2.4 

4.2  Test  Methods 

4.2.1  Materials  Testing.  Unless  otherwise  specified,  materials  for  the  protection  of  dis- 
similar metals  shall  require  acceptance-testing  verification  to  confirm  their  compliance  as 
specified  herein. 

4.2. 1. 1 Materials  Identification.  There  are  no  applicable  tests  for  dissimilar-metal  or 
alloy  identification,  but  verification  as  necessary  shall  be  required  from  the  material  space 
on  the  drawing  title  block. 

4.2.2  Equipment  Surveillance.  There  are  no  applicable  tests.  Visual  surveillance  on  a 
random  basis  shall  be  required  to  ensure  proper  use  of  hand  tools  and  portable  equipment 
not  otherwise  controlled  by  the  applicable  cleaning  or  processing  specification. 


5 

ji 


n: 


4.2.3  Surface-Cleanliness  Test.  Surfaces  to  be  Joined  and  protected  shall  be  visually  clean 
from  foreign  contaminants. 

B 4.2.3. 1 Surface-Cleanliness  Referee  Test.  Surfaces  in  dispute  for  cleanliness  just  before 
joining  shall  require  a referee  test  as  follows;  The  surface  to  be  tested  shall  be  rubbed 
lightly,  two  strokes,  with  white  surgical  cotton  (gauze,  "Q-Tip,"  or  equivalent)  wet  with 
unused  isopropyl  alcohol.  Evidence  of  contamination  detectable  with  normal  vision  of  1.  OX 
magnification  shall  be  c.ause  for  recle.ming  before  completing  the  joint 


o 


4.2.4  Surveillance  Tests.  Inspection  with  normal  vision  on  a random  basis  shall  be  exer- 
cised to  assure  compliance  with  the  process  procedures,  workmanship,  and  rework  require 
ments.  Discrepant  conditions  shall  be  corrected  and  the  cause  eliminated  before  further 
work  to  the  requirements  of  this  document  is  accomplished. 
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6.  PREPARATION  FOR  DELIVERY 
Not  applicable. 

6.  NOTES 

B 6. 1 Intended  Use.  Dissimilar  metals  in  contact,  protected  in  accordance  with  this  specifi- 
cation at  the  assembly  level,  have  adequate  resistance  to  galvanic  corrosion  when  kept  in- 
doors or  when  protected  from  moisture  and  condensation. 

6.2  Miscellaneous 

B 6. 2. 1 Related  Applications.  Outdoor  exposure  of  flight-vehicle  parts  having  dlsslmllar- 
metal  joints  require  protection  per  LAC  1001  or  other  equally  effective  protection.  This 
document  supplements  and  is  compatible  with  the  electrical  bonding  and  protection  require- 
ments of  LAC  3204. 

6.  2. 2 Precedence  of  Documents.  Modified  requirements  specified  on  the  engineering  draw- 
ing shall  take  precedence  over  this  specification.  This  specification  supersedes  PB  39. 

A 6.  2.  3 Marginal  Marks.  The  margins  of  this  specification  have  been  marked  to  indicate 
where  technical  changes,  deletions,  or  additions  to  the  previous  issue  have  been  made.  This 
practice  has  been  adopted  as  a convenience  only  and  users  of  this  document  are  cautioned  to 
evaluate  the  requirements  of  this  document  based  on  the  entire  content,  irrespective  of  the 
marginal  notations. 

B 6. 3 MIL/FED  Specification  Compliance.  The  provisions  of  this  specification  exceed  the  '• 
applicable  requirements  of  MIL-STD-889,  dated  5 May  1972. 
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FOREWORD 

This  Finish  Specification  has  been  prepared  by  Lockheed 
Missiles  & Space  Company,  Inc.  (LMSC),  for  the  Defense 
Advanced  Research  Projects  Agency  (DARPA)  under  Con- 
tract F04701-77-C-0024  in  accordance  with  the  recpiire- 
ments  set  forth  in  Section  3.  Id  of  the  Statement  of  Work. 
This  specification  will  be  considered  preliminary  until 
it  is  revised  and  expanded  during  Phase  n Detail  Design. 
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1.0  SCOPE 

This  finish  specification  controls  the  Teal  Ruby  Experiment  hardware  designed  by 
both  LMSC  and  outside  suppliers,  or  subcontractors.  The  major  components  of  the 
Teal  Ruby  Experiment  covered  by  this  specification  include;  Thermal  Control  System, 
Focal  Plane  Assembly,  Sun  Shade,  and  Ground  Support  Equipment.  The  protection 
system  has  been  designed  for  use  under  moderate  corrosion  conditions  and  corresponds 
to  the  Type  II  classification  of  MIL-F-7179E.  The  subsystem  and  components  fabri- 
cated a'^d  supplied  by  subcontractors  to  the  Teal  Ruby  Experiment  shall  also  satisfy 
the  requirements  of  this  specification. 

2.0  REFERENCED  DOCUMENTS 

The  provisions  and  requirements  of  the  following  documents  apply  to  the  extent  refer- 
enced herein. 


MIL-STD-889  Dissimilar  Metals 

MIL-S-5002  Surface  Treatments  and  Inorganic  Coatings  of  Metal 

Surfaces  of  Weapons  Systems 

MIL-F-7179E  Finishes  and  Coatings;  Protection  of  Aerospace  Weapons 

Systems,  Structures  and  Parte:  General  Specification 
For 

MIL-F-1826D  FJnlshes,  Organic  Weapons  Systems,  Application 

MIL-P-9024G  Packagi.~'f,  Handling,  and  Transportability  in  System/ 

Equipment  Acquisition. 

Applicable  Paragraphs: 

3.2  (except  3.2.3a,  b,  d,  & e) 

3.4  level  C (except  3.4.6,  3.4.7,  3.4.9,  3.4.11) 

4.0  (except  4. 2) 

DI-S-3598A/S138-1  Corrosion  Prevention  and  Control  Requirements 
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2.2  LMSC  Documents 


LMSC/5699518 

LMSC/5699522 


Teal  Ruby  Experiment,  Phase  n Corrosion  Prevention 
and  Control  Plan,  March  1977. 

Teal  Ruby  Experiment,  Phase  n Contamination  Control 
Plan 


2.3  Lockheed  Process  Speelfleatlons 

The  following  Lockheed  Aircraft  Corporation  (LAC)  specifications  will  be  used  on  the 
Teal  Ruby  Experiment  to  the  extent  that  they  are  specified  in  Section  3 of  this  Finish 
Specification  or  called  out  on  the  engineering  drawings. 

(Note:  The  Responsible  Corrosion  Engineer  (RCE)  reviews  the  engineering  drawings 
to  ensure  that  the  applicable  sections  of  the  following  LAC  specifications  have  been 
called  out.) 

LAC  0170D;  General  Cleaning  of  Parts  and  Surfaces 


Scope-  This  specification  establishes  general  cleaning  requirements  for  parts,  sur- 
faces, and  equipment,  and  is  applicable  to  flight  vehicles  and  aerospace  ground 
equipment. 

Mil-Spec  Compliance  — The  provisions  of  this  specification  exceeds  the  applicable 
cleaning  requirements  of  MIL-S-5002C,  date  7-28-71;  MIL-M-3171C,  dated  7-28-71; 
MIL-M-3171C,  dated  7-11-66;  and  MIL-STD-454,  Requirement  9,  dated  8-31-73. 

LAC  0494E:  Anodizing  .Aluminum  & Aluminum  Alloys 


Scope  - This  specificction  establishes  the  requirements  for  anodic  coatings  on  alumi- 
num alloys  for  spacv  applications. 

Mil-Spec  Compliance  — There  are  no  applicable  Government  specifications  for  space 
environmental  applications. 
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LAC  0511B:  Application  of  Zinc  Chromate  Primer 

Scope  - This  specification  establishes  the  requirements  for  the  application  of  zinc 
chromate  primer  to  provide  corrosion  protection  as  a paint  base. 

Mil-Spec  Compliance  - The  provisions  of  this  specification  exceeds  the  applicable 
requirements  of  MIL-P-6808B,  dated  9-21-62. 

LAC  lOOlEi  Protective  Packaging  and  Handling,  General  Specifications  For 

Scope  - This  specification  establishes  the  requirements  tor  the  preserving,  packag- 
ing, handling,  and  protecting  of  materials,  parts  and  assemblies  in  the  process  of 
fabrication,  assembly,  transportation  or  storage  by  LMSC.  This  specification 
establishes  general  protective  requirements  for  these  items  during  movement  bet- 
ween any  LMSC  facility  and  supplier  or  customer. 

Mil-Spec  Compliance  — The  provisions  of  this  specification  exceed  the  minimum 
requirements  of  the  applicable  portions  of  MIL-F-9024C,  dated  9-21-66;  MIlrP-116E, 
dated  8-18-67;  and  MIL-STD-794B,  dated  3-11-69. 

LAC  3150:  Contamination  Control 

Scope  — This  apeclfication  establishes  acceptable  limits  for  cleaning  surfaces,  parts, 
and  assemblies  from  particulate  contamination  and  nonvolatile  residue.  P.eqaire- 
ments  arc  also  established  for  clean  packaging. 

Mil-Spec  Compliance  - The  provisions  of  this  specification  exceed  applicable  require- 
ments of  hniy-STD-1246,  dated  8-18-67. 

LAC  SS03B:  Organic  Finishes  for  Flight  Hardware.  Application  Of 

Scope  — This  specification  establishes  requirements  for  application  of  organic  finishes 
to  metallic  and  nonmetallic  substrates.  Consistent  with  the  Intended  function  of  the 
organic  finish,  coating  thickness  and  materials  may  be  chosen  to  provide  thermal- 
control  characteristics,  environmental  protection,  or  aesthetic  qualities. 
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Mil-Spec  Compliance  - MII<-F-18264  Is  an  integral  part  of  this  specification. 

LAC  3901B!  Dissimilar  Metals.  Protection  Of 

Scope  — This  specification  establishes  the  requirements  for  protection  against 
galvanic  corrosion  of  dissimilar  metals  in  contact  when  under  normal  indoor 
conditions. 

Mil-Spec  Compliance-  The  provisions  of  this  specification  exceed  the  applicable 
requirements  of  MIL- STD-889,  dated  5-5-72. 

LAC  3904A:  Finishes.  Protective  For  Ground  Handling  Equipment 

Scope  — This  specification  establishes  the  protective  finishes  for  ground  handling 
equipment  to  provide  protection  from  deterioration  due  to  natural  outdoor  environ- 
ment. 

Mil-Spec  Compliance  - There  are  no  mil-specs  applicable  to  this  process  of  the 
date  of  specification  preparation. 

3.0  REQUIREMENTS 

3.1  General  Requirements. 

3.1.1  Dissimilar  Metal  Combinations.  Dissimilar  metal  combinations  will  be 
avoided  insofar  as  possible.  When  dissimilar  metal  combinations  do  occur,  they 
shall  meet  the  requirements  of  MIL-STD-889  for  hardware  used  under  outdoor 
weather  conditions,  and  LAC  3901  for  hardware  used  under  indoor  conditions. 

3.1.2  Cleaning.  Cleaning  of  the  various  types  of  metal  and  plastic  part  surfaces 
prior  to  painting,  anodizing,  or  other  finish  processes  shall  be  as  accomplished  per 
LAC  01700.  Cleaning  per  MIL-S-5002  is  an  acceptable  equivalent  method. 

3.1.3  Contamination  Control.  (See  Teal  Tuby  Experiment,  Phase  n.  Contamination 
Control  Plan). 
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3.1.4  Anodizing.  To  be  determined  (TBD) 


3.1.5  Sealing.  (TBD) 


3.1.6  Protective  Finishes.  (TBD) 


3.2  Specific  Requirements. 


3.2.1  Thermal  Control  System.  (TBD) 


3.2.2  Vacuum  Shell. 


Requirements  TBD 


3.2.3  Multilayer  Insulation. 


Requirements  TBD 


3.2.4  (TBD) 

4.0  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  For  Inspection. 

Inspections  shall  be  performed  as  needed  to  ensure  compliance  with  the  requirements 
of  this  document. 

5.0  PREPARATION  FOR  DELIVERY 

5.1  Protective  Packaging  and  Handling. 


All  parts  shall  be  given  adequate  protection  to  prevent  corrosion  and  physical  damage 
during  storage  and  shipment.  Unless  otherwise  specified  in  the  engineering  drawing 
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or  the  Teal  Ruby  Experiment.  Phase  n Contamination  Control  Plan,  packaging  and 
handling,  shall  be  In  accordance  with  lAC  1001. 

6.0  NOTES 

6.1  Surfaces  Not  to  be  Treated  or  Coated. 

Interface  Joint  is  to  be  untreated.  Components  mounted  in  spacecraft  are  to  be  free  of 
paint  and  thermal  finishes. 
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